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INTRODUCTION 

Systems proposed f o r  regeneration of cabin atmosphere i n  prolonged space 

f l i g h t  and p lane tary  s t a t i o n s  are m o s t  e f f e c t i v e  when they serve a dua l  r o l e ,  

a s  sources  of both oxygen and food. 

duce i n  h igh  y i e l d  only carbohydrates o r  carbohydrate-l ike substances and r e q u i r e  

t h a t  suppl ies  of p r o t e i n  o r  amino ac ids  b e  s t o r e d  o r  regenerated by a second, 

complementary system. Thus, a f i r s t  l i m i t a t i o n  of t hese  schemes would appear t o  

be the,minimum amount of p r o t e i n  tha t  must be provided. (The minimum require- 

ment f o r  e s s e n t i a l  f a t t y  ac ids  is reasonably w e l l  e s t a b l i s h e d  and can b e  m e t  

e a s i l y  from less than one ounce o f  common o i l s . )  Establishment of  t h i s  minimum 

has formed t h e  t o p i c  of our earlier s t u d i e s  under t h i s  grant.  

P r e s e n t l y  conceived chemical systems pro- 

On t h e  o t h e r  hand, i n  systems involving a b i o l o g i c a l  agent as t h e  

regenerator ,  high growth ra te  of the agent  is required and the  c e l l u l a r  product 

thus inc ludes  high concentrat ions of p r o t e i n  and of  gene t ic  material, n u c l e i c  

acids .  

energy sources  i f  t h e  p r o t e i n  y i e l d  exceeds man's to le rance  f o r  t h i s  n u t r i e n t  

form. I f  a supplementary energy source were t o  b e  c a r r i e d ,  f a t  would be t h e  more 

d e s i r a b l e  form because i t  y i e l d s  more c a l o r i e s  p e r  u n i t  weight and volume than 

does carbohydrate. Thus, both the maximum tolerance f o r  p r o t e i n  and t h e  minimum 

need f o r  carbohydrate must be accurately known. 

These systems might r e q u i r e  supplementation with a d d i t i o n a l  non-protein 

It i s  n o t  general ly  agreed t h a t  t h e r e  i s  a requirement f o r  carbohydrate,  as 

such, i n  t h e  d i e t ,  s i n c e  hexose can be manufactured i n  t h e  body from glycero l  and 

from some of t h e  amino acids .  There is  no ques t ion  t h a t  carbohydrate i s  requi red  

a t  t h e  t i s s u e  l eve l .  The funct ion of t he  nervous system normally depends upon a 

supply of glucose (although recent evidence i n d i c a t e s  t h a t  b r a i n  t i s s u e  can use  

an in te rmedia te  of f a t  metabolism ( l ) ) . M e t a b o l i c a l l y ,  a supply of carbohydrate is  

necessary t o  permit a c e t a t e  (from f a t  ox ida t ion  and o t h e r  precursors )  t o  e n t e r  

t h e  c i t r i c  a c i d  cycle.  I n  t h e  l a t t e r  case, t h e  carbohydrate provides  t h e  needed 

pyruvate and oxa loace ta te  t h a t  a re  not  f u l l y  regenerated i n  t h e  cycle.  When f a t  

ox ida t ion  is  t h e  dominant source of energy and carbohydrate is  lacking  (as  i n  

f a s t i n g  o r  uncontrol led d i a b e t e s ) ,  the  ra te  o f  formation of  carbohydrate i n t e r -  

mediates from precursors  may be inadequate t o  allow complete u t i l i z a t i o n  of  

acetate.  The a c e t a t e  res idues  then 

a c i d  and beta-hydroxybutyric acid.  

amounts and can b e  u t i l i z e d  t o  some 

condense t o  form t h e  ketone bodies,  a c e t o a c e t i c  

These substances are normally formed i n  s m a l l  

e x t e n t  by t h e  body t i s s u e s ,  but  when they are 



present  i n  excess, they accumulate i n  t h e  blood and are excreted i n  t h e  urine.  By 

decarboxylation, acetone i s  formed and t h i s  end-product is  o f t e n  de tec ted  i n  t h e  

brea th  of k e t o t i c  sub jec t s .  

Excretion of t hese  incompletely burned metabol i tes  i n  t h e  u r i n e  does 

c o n s t i t u t e  some l o s s  of p o t e n t i a l  energy (energy value i s  about 7 k c a l / g ) ,  b u t ,  

more importantly,  ketone bodies are s t r o n g  a c i d s  and t o  b u f f e r  them t h e  a l k a l i  

reserve w i l l  be depleted.  Ultimately, a c i d o s i s  and dehydration w i l l  r e s u l t .  

Another undesirable  f e a t u r e  of ke tos i s  i s  t h a t  r e n a l  tubular  s e c r e t i o n  of  u r i c  a c i d  

( t h e  end-product of metabolism of  t h e  purine base of n u c l e i c  a c i d s )  is  sup- 

pressed and t h e  uncleared u r i c  acid accumulates i n  t h e  b l o o d ( 2 ) .  

gout,  i . e . ,  &RJ&S, e l e v a t i o n  of  serum u r i c  ac id ,  and deposi t ion of  u r i c  a c i d  

c r y s t a l s  i n  the  j o i n t s ,  have been p rec ip i t a t ed  during f a s t i n g  i n  the obese (3). 
There i s  a l s o  evidence t h a t  carbohydrate i s  necessary s p e c i f i c a l l y  f o r  t h e  

Acute episodes of 

r e t e n t i o n  of sodium (4). 
kidney i s  involved i n  sodium t r anspor t  and t h e  medullary por t ion  of  t h e  kidney 

uses glucose f o r  energy production (5) .*he only long-term study of men consuming a 

c a l o r i c a l l y  adequate d i e t  near ly  devoid of carbohydrate w a s  t h a t  of  t h e  explorers  

Stefanssor, and Andersen who l i v e d  exclusively on meat and animal t i s s u e s  f o r  one 

year.  Their average d a i l y  i n t a k e  was 2500 t o  3000 k c a l ,  of which about 500 k c a l  

w a s  from p r o t e i n .  E. T o l s t o i  ( 6 )  repor ted  t h a t  blood sodium, glucose,  non-protein 

n i t rogen ,  and u r i c  ac id  remained normal and t h a t  t h e r e  w a s  no evidence of i l l n e s s  

even though ketonuria  occurred continuously with averages of 0.4 t o  7 . 2  g of t o t a l  

ketone bodies excreted da i ly .  I n  a more d e t a i l e d  account of t he  k e t o s i s  i n  the  

same two s u b j e c t s ,  W.  S. McClellan and E. F. Dubois(7) s t a t e  t h a t  acetone appeared 

i n  t h e  u r ine  on t h e  very f i r s t  day and increased u n t i l  t h e  fou r th  day, a f t e r  which 

i t  w a s  cons tan t  i n  one s u b j e c t  and gradual ly  decreased i n  the  o the r .  Ketonuria 

p e r s i s t e d  when 5% o r  l e s s  of  t h e  ca lo r i e s  w a s  from carbohydrate (approximately 

35g) bu t  promptly disappeared when 200 g carbohydrate, 30% of t h e  d a i l y  c a l o r i c  

i n t a k e ,  w a s  f ed  t o  t h e  sub jec t s .  In  t h i s  s tudy,  p r o t e i n  i n t a k e  w a s  no t  high 

(about 125 glday) ,  so u r i c  ac id  precursors were r e l a t i v e l y  l imi t ed ,  as compared 

wi th  a d i e t  based on a l a r g e  amount of l ean  animal t i s s u e  o r  b a c t e r i a l  cel ls .  

I t  i s  w e l l  known t h a t  carbohydrate has  a protein-spar ing e f f e c t .  J. L. Gamble 

A s ign i f i can t  f r ac t ion  of t h e  energy expenditure of t h e  

r e p o r t e d  t h a t  young men who f a s t e d  f o r  6 days l o s t  400 g of  body p r o t e i n  ( 8 ) .  
When they inges ted  50 g glucose a day, they l o s t  325 g of body p r o t e i n  i n  6 days 

and when t h e  carbohydrate w a s  increased t o  100 g glucosela maximum spar ing  e f f e c t  

r e s u l t e d ,  wi th  a l o s s  of only 240 g body p r o t e i n  i n  6 days. I n  o t h e r  words, 
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inges t ion  of  100 g of  glucose a day r e s u l t e d  i n  t h e  reduct ion of body p r o t e i n  l o s s  

t o  40 g/day from 67 glday p r o t e i n  l o s s  i n  f a s t i n g .  

a l s o  prevented k e t o s i s  and sodium loss. 

This amount of  carbohydrate 

The a d d i t i o n  of  f a t  t o  t h e  d i e t  during inadequate p r o t e i n  i n t a k e  does no t  

have the  same protein-spar ing e f f e c t  as  carbohydrate. I t  w a s  noted by E. P. Cath- 

c a r t  ( 9 )  t h a t  when carbohydrate w a s  wholly replaced by f a t  i n  a d i e t  containing 

3 g n i t rogen  pe r  day, t he  ur inary nitrogen output  r o s e  decidedly. This acce lera ted  

l o s s  o f  body p r o t e i n  does not  appear t o  happen on pro te in- f ree  d i e t s ,  provided a 

c e r t a i n  minimum of  carbohydrate i s  s t i l l  ingested.  

a c t i o n  of  t h i s  protein-spar ing is  not clear b u t  i t  appears t o  be t h e  r e s u l t  of  

two mechanisms, one r e l a t e d  t o  t h e  level of  energy i n t a k e  and one s p e c i f i c a l l y  

connected with carbohydrate in t ake .  

Munro (10) says that tile mode of 

S i g n i f i c a n t  areas of quest ion thus seem t o  concern a b i l i t y  t o  metabolize 

without  hazard var ious  amounts of nucleic  acid-containing p r o t e i n  i n  d i e t s  provid- 

i n g  f a t  as t h e  dominant energy source and with l i t t l e  o r  no preformed carbohydrate. 

Planning f o r  long-term f l i g h t  feeding thus r equ i r e s  s e q u e n t i a l  determination of 

t he  minimum need f o r  carbohydrate; the maximum to le rance  f o r  n u c l e i c  acid-free 

p r o t e i n  with and without carbohydrate and f a t ;  and, f i n a l l y ,  t he  to le rance  f o r  

n u c l e i c  ac id  i n  d i e t s  of varying composition. A s  a forerunner  of  sys temat ic  

s t u d i e s  of normal men, w e  conducted a s tudy of obese s u b j e c t s  given very low 

c a l o r i e  d i e t s  composed exc lus ive ly  of s i n g l e  energy sources--egg albumin, corn o i l  

and sucrose--or combinations of these with adequate vitamins and minerals.  Under 

t h e s e  condi t ions,  t h e  dominant energy source a t  the  t i s s u e  l e v e l  may b e  presumed 

t o  be f a t  and, t o  varying degrees,  l ean  t i s s u e  of  t h e  body. Our purpose w a s  t o  

d i scover  whether exogenous p r o t e i n  i n  amounts normally required could serve as a 

s u f f i c i e n t  precursor  of carbohydrate, spar ing  t i s s u e  p r o t e i n  and prevent ing 

k e t o s i s ,  i .e . ,  whether a s p e c i f i c  need f o r  carbohydrate exis ts  when the  endogenous 

energy reserve is  abundant, o r  whether p r o t e i n  w i l l  s u f f i c e .  The incorpora t ion  

o f  an a l l - f a t  d i e t  allowed an estimate of whether o r  n o t  exogenous c a l o r i e s  were 

b e n e f i c i a l  when the  organism has already a v a i l a b l e  a l a r g e  amount of  t h e  same 

s u b s t r a t e ,  f a t .  The d a t a  on p ro te in  feeding were compared wi th  r e s u l t s  obtained 

i n  o t h e r  s u b j e c t s  whose body weights were i n  the  upper range of  t h e  populat ion 

normal average f o r  t h e i r  he ights  and ages (i .e. ,  5 t o  10 kg above i d e a l  body 

weight) .  
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SUMMARY AND CONCLUSIONS 

A s  an i n i t i a l  s t e p  i n  determining i f  t h e r e  i s  a requirement f o r  carbohydrate,  

as such, i n  t h e  d i e t ,  a formal Penthouse experiment w a s  c a r r i e d  out (Penthouse 

Study /is) and a b r i e f  informal test w a s  made of one p o i n t  i n  a few unconfined 

normal sub jec t s .  I n  t h e  major study, f i v e  obese women w e r e  fed  f o r  s i x  

s e q u e n t i a l  5-day per iods d i e t s  providing 400 kca l  from egg albumin, corn o i l  o r  

sucrose and 800 kca l  from 50:50 mixtures of egg albumin and corn o i l  o r  sucrose.  

One intended d i e t a r y  treatment involving 400 k c a l  as t h e  glucogenic amino a c i d ,  

glycine,  could n o t  be completed because i t  induced nausea and vomiting i n  most 

of t h e  s u b j e c t s .  Two of t he  sub jec t s  were unable t o  t o l e r a t e  a second administra- 

t i o n  of  t he  f a t  formula i n  conjunction with t h e  egg albumin mixture s o  t h e  

r e p l i c a t i o n s  were no t  complete f o r  t h i s  800 k c a l  treatment.  These women were 

given 400 k c a l  as a 50:50 mixture of egg albumin and sucrose in s t ead ,  t o  judge 

whether 50 grams of carbohydrate would be as e f f e c t i v e  as 100 grams proved t o  be. 

Mean weight l o s s  f o r  t he  30 days of the  experimental  d i e t a r y  t reatments  

w a s  10.54 kg. I n  fou r  of  t h e  sub jec t s ,  l o s s  w a s  g r e a t e s t  when f a t  w a s  included 

i n  t h e  d i e t ,  with o r  without protein,  and leas t  i n  the  presence of carbohydrate. 

These d i f fe rences  i n  weight w e r e  associated with mineral  excre t ion  p a t t e r n s  

sugges t ive  of  r e t e n t i o n  of e x t r a c e l l u l a r  f l u i d  when carbohydrate w a s  included 

i n  t h e  d i e t  and l o s s  o r  s h i f t s  among compartments when f a t  w a s  p re sen t .  The 

g r e a t e s t  l o s s e s  of  weight were a l s o  assoc ia ted  with per iods i n  which k e t o s i s  w a s  

most severe and w e r e  accompanied by lo s s  of l ean  t i s s u e  from t h e  body, based on 

observed ni t rogen balances.  Ketosis w a s  most severe with t h e  a l l - f a t  d i e t .  

Urinary excre t ion  of u r i c  ac id  f e l l  and serum leve l  rose i n  conjunction with f a t  

and p r o t e i n  treatments devoid o f  carbohydrate. Fas t ing  blood glucose leve ls  

were h igher  when t h e  d i e t  included carbohydrate than when f a t  w a s  given. I n  most 

r e s p e c t s ,  p r o t e i n  was intermediate  between carbohydrate and f a t  i n  i t s  e f f e c t s  

on weight l o s s  and metabolic pat terns .  Addition of 400 k c a l  exogenous f a t  t o  a 

d i e t  providing 400 k c a l  from egg albumin d id  no t  s i g n i f i c a n t l y  a l t e r  the  response 

obta ined  when t h e  albumin w a s  given as t h e  s o l e  energy-yielding substance.  

Provis ion of only 400 kca l  as egg albumin (80+ grams of p r o t e i n  and 

carbohydrate r e s idues  from muco-proteins) d i d  l i t t l e  t o  prevent t he  loss  of l e a n  

body t i s s u e ,  i n  comparison with 400 k c a l  from sucrose,  but  i t  w a s  an improvement 

over  400 k c a l  of exogenous f a t .  (One obese s u b j e c t  d id  achieve n i t rogen  balance 

a t  t h e  low l e v e l  of p r o t e i n  in take ,  bu t  t h i s  occurred only a f t e r  two preceding 
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i r r e g u l a r  periods: one of semi-starvation due t o  an at tempt  t o  consume t h e  

glycine formula, followed by a period i n  which p r o t e i n  was consumed without t h e  

prescr ibed mineral supplement.) 

i n  addi t ion  t o  the  400 kca l  from egg albumin, two s u b j e c t s  were i n  p o s i t i v e  

n i t rogen  balance and balance w a s  l e s s  negat ive i n  two o the r s .  Addition of  f a t  

w a s  less advantageous than provision of  pro te in  alone. 

When t h e  d i e t  included 400 k c a l  from carbohydrate 

Addit ional  da t a  on t h i s  po in t  were gathered i n  short-term tests of t he  

response of normal bu t  somewhat overweight s u b j e c t s  t o  consumption f o r  5 t o  

1 2  days o f  a pure p ro te in ,  casein,  as  t h e  energy-yielding component of d i e t s  

providing near ly  400 kcal  da i ly .  

crab o r  turkey f o r  5 days and 400 kcal  as carbohydrate i n  a second 5-day per iod.  

The response of these s u b j e c t s  d i f f e r e d  from t h e  obese only i n  t h a t  u r inary  

n i t rogen  output  w a s  h igher  and body p r o t e i n  loss g r e a t e r  than i n  obese women. 

I n  t h e  one s u b j e c t  f o r  whom comparative d a t a  were a v a i l a b l e ,  t h e r e  w a s  no 

evidence t h a t  d i e t a r y  p r o t e i n  protected a g a i n s t  l o s s  of t i s s u e  p ro te in .  I n  t h e  

normal s u b j e c t s ,  as i n  the  obese, serum u r i c  a c i d  levels were elevated with 

p r o t e i n  feeding and blood urea ni t rogen content w a s  d i spropor t iona te ly  high,  

r e l a t i v e  t o  n i t rogen  in t ake .  

2 

@ne other  s u b j e c t  took 400 k c a l  as egg white ,  

0 

These f indings support  i n  general?conclusions reached e a r l i e r  with respec t  

t o  t h e  response of nonobese young men given low-calorie d i e t s  containing v a r i a b l e  

amounts of p r o t e i n  ( 1 1 ) t h a t ,  a t  very l o w  l e v e l s  of c a l o r i c  i n t a k e ,  exogenous 

p r o t e i n  i s  burned c h i e f l y  a s  an energy (o r  carbohydrate) source.  The f indings 

with t h e  800 k c a l  p r o t e i n  p lus  carbohydrate d i e t  are c o n s i s t e n t  with t h e  e a r l i e r  

conclusion t h a t  about 900 k c a l  i s  the lowest level  a t  which d i e t a r y  p r o t e i n  

r e l i a b l y  and e f f e c t i v e l y  spares  t i s s u e  p r o t e i n ,  beyond provis ion of t h e  same 

amount of nonprotein energy derived from mixtures containing some carbohydrate. 

Presumably, t h e  glucogenic function of p r o t e i n  would vary with i t s  

propor t iona l  content  of glucogenic and ketogenic amino ac ids .  

s u b j e c t  who completed t h e  glycine treatment,  k e t o s i s  and mineral  excre t ion  

p a t t e r n s  were e s s e n t i a l l y  t h e  same as with carbohydrate,  but  ur inary n i t rogen  

ou tpu t  w a s  high and t i s s u e  p r o t e i n  w a s  no t  spared. There is  some i n d i c a t i o n ,  

from only two s u b j e c t s ,  t h a t  50 grams of sucrose (200 kca l )  with 200 k c a l  from 

egg albumin i s  as e f f e c t i v e  as 100 grams of sucrose a lone  (400 k c a l )  i n  prevent- 

I n  t h e  one 

i n g  m o s t  of t h e  sequel lae  of carbohydrate depr iva t ion  a t  low c a l o r i e  levels.  

The Penthouse s tudy a l s o  affords  some evidence of systematic  adaptat ion t o  

continued subs is tence  on c a l o r i c a l l y  inadequate d i e t s .  These were: decreased 

rate of  weight loss  and, perhaps secondarily t o  l o s s  of body mass and l ean  t i s s u e ,  

5 
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decreased c r e a t i n i n e  exc re t ion ,  decreased catabolism of  l e a n  t i s s u e  and reduced 

energy c o s t  of a c t i v e  work. Serum t o t a l  c h o l e s t e r o l  f e l l  sharply a t  t h e  

beginning of  t he  tes t ,  remained s t a b l e  f o r  some t ine ,  and showed evidence of  an 

upswing a t  t h e  end. 

An i n t e r e s t i n g  s i d e l i g h t  of the s tudy  was the  observat ion t h a t  adipose 

t i s s u e  d i d  n o t  behave f u l l y  as an organ, because proport ionately more t i s s u e  was 

removed from some body s i tes  than others  (most from t h e  upper arm, thigh and neck 

and l e a s t  from the  ches t ,  w a i s t  and h i p s ) ,  a s  measured by change i n  body 

dimension. 

IJe conclude t h a t  carbohydrate is necessary i n  the  d i e t  t o  prevent  k e t o s i s  

and l o s s  of c a t i o n s ,  t o  spa re  t i s s u e  p r o t e i n  and t o  promote adequate c learance  of 

u r i c  a c i d ,  when endogenous f a t  is t h e  chief  source of energy. Exogenous p r o t e i n  

can f u l f i l l  p a r t  of t h i s  funct ion,  but i t  i s  less  e f f e c t i v e  than carbohydrate a t  

equiva len t ly  low c a l o r i c  i n t akes .  
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PROCEDURE 

A. PENTHOUSE EXPERIMENT NO. 6 

The 5brweek experiment involved s tudy  of 6 obese women re s id ing  i n  t h e  

Human Research Laboratory of the  Department of N u t r i t i o n a l  Sciences,  Universi ty  

of Ca l i fo rn ia ,  Berkeley, where they were fed s ing le -nu t r i en t  formula d i e t s  a t  

l e v e l s  of e i t h e r  400 o r  800 kcal/day. A prel iminary 4-day per iod of s t a b i l i z a -  

t i o n  on a balanced formula d i e t  providing 2000 kca l lday  w a s  followed by s i x  
5-day metabolic per iods on the s ing le-nut r ien t  d i e t s  and a f i n a l  4-day per iod on 

a balanced d i e t  providing 900 kcal/day, given on t h e  f i r s t  2 days as "Metrecal"* 

and on the  l a s t  2 days as ordinary food. Excreta were co l l ec t ed  f o r  determinat ion 

of e x t e r n a l  n i t rogen  balance. Ketone bodies  were measured q u a n t i t a t i v e l y  i n  u r i n e  

and blood, as was u r i c  ac id  and other  r e l evan t  cons t i tuents .  

Se leetion of Sub jeets 
Six  sub jec t s  w e r e  chosen, a f t e r  medical examination, from obese volunteers  

r e f e r r e d  f o r  study by l o c a l  physicians.  

t h e r e  were too few male volunteers  to form an experimental  group. After  the  f i r s t  

week of t he  p r o j e c t  one sub jec t  l e f t  o f  h e r  own vo l i t i on .  

p resented  f o r  t h e  remaining 5 subjects .  

Female s u b j e c t s  w e r e  s e l e c t e d  because 

Resul t s  are the re fo re  

One sub jec t  w a s  1 7  years  o ld ;  the ochers were between 37 and 55 years .  

Weight ranged from 116 t o  1 4 1  kg (256 t o  310 lb s )  a t  t h e  beginning of t h e  study. 

One s u b j e c t  w a s  mildly d i abe t i c ,  adequately con t ro l l ed  with an o r a l  hypoglycemic 

agent ,  without i n su l in .  The o the r s  were f r e e  of known systemic d isease  and a l l  

had normal blood chemistry and c e l l u l a r  c h a r a c t e r i s t i c s .  

5 s u b j e c t s  are given I n  Appendix A. 

Case h i s t o r i e s  of t hese  

Diets 
W e  planned t o  use 6 experimental d i e t a r y  treatments.  The 4 b a s i c  d i e t s  

provided 400 kcal /day from a s i n g l e  one of the  following energy sources:  

suc rose  (C = carbohydrate) ;  corn oil** (F = f a t ) ;  egg albumin*** (P = pro te in ) ;  

*A p r o p r i e t a r y  l i q u i d  formula intended f o r  low-calorie d i e t s .  Mead-Johnson 
& Co., Evansvi l le ,  Ind. 

**Mazola, Corn Products Company, N.Y. 

albumin provided 80 g of  pro te in .  
***Carlson's Bakers Supplies,  Oakland, Cal i f .  A t  the  400-kcal level,  egg 
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o r  glycine* (GI. 
w a s  derived from t h e  b a s i c  egg albumin d i e t  i n  both cases, and the  o t h e r  400 k c a l  

came from the  b a s i c  carbohydrate d i e t  i n  one case and from the  b a s i c  f a t  d i e t  i n  

the  o the r ,  administered i n  conjunction wi th  the  pro te in .  

The remaining 2 d i e t s  provided 800 kcal /day of which 400 kcal 

The o r i g i n a l  test design provided t h a t  every s u b j e c t  w a s  t o  receive t h e  d i e t s  

i n  a d i f f e r e n t  sequence, i n  order  t o  n u l l i f y  the  e f f e c t s  of the  preceding d i e t  

on the  o v e r a l l  r e s u l t s  f o r  any one t e s t  d i e t .  N o  two sub jec t s  were t o  be  on t h e  

same d i e t  during any one per iod.  However, changes had t o  be  made due t o  t h e  d i f -  

f i c u l t i e s  some s u b j e c t s  had i n  to l e ra t ing  c e r t a i n  d i e t s .  

(0601) completed a l l  6 d i e t a r y  periods as o r i g i n a l l y  planned. 

a t  t h e  beginning of each metabolic period t h a t  t h e  glycine d i e t  caused vomiting 

and discomfort  i n  each s u b j e c t  i n  turn, although Subject  0601 managed t o  r e t a i n  

a l l  h e r  meals throughout t h a t  5-day period. Af t e r  t h e  four th  per iod,  a t tempts  t o  

adminis ter  t he  g lyc ine  d i e t  were abandoned and a 50:50 d i e t  of  p r o t e i n  and carbo- 

hydra te  a t  400 kcal /day w a s  subs t i t u t ed  i n  i t s  place.  During the  f i n a l  metabol ic  

per iod  Subject  0602 w a s  no longer able t o  t o l e r a t e  t he  f a t  formula, and a second 

400 kcal/day of p r o t e i n  w a s  subs t i t u t ed  i n  p l ace  of t he  400 kca l  of  f a t  i n  t h e  

800-kcal/day f a t  + p r o t e i n  d i e t .  I n  t h e  f i f t h  per iod,  400 kcal /day of  f a t  w a s  

omit ted from the  d i e t  of Subject 0605 f o r  t h e  same reason. Table 1 shows the  o r d e r  

i n  which each s u b j e c t  w a s  a c t u a l l y  fed the  test  d i e t s .  

Only one s u b j e c t  

It w a s  discovered 

Tables 2,  3,  4 ,  and 5 show t h e  cons t i t uen t s  of  t he  4 b a s i c  test d i e t s  and t h e  

F ive  g of agar** pe r  400 k c a l  w a s  used i n  a l l  manner i n  which they were prepared. 

t h e  d i e t s  t o  provide a semi-fluid consistency and t o  prevent  s epa ra t ion  of t h e  

mixture  on s torage.  

t o  decrease t h e  s w e e t  taste.  Calcium cyclamate*** w a s  used t o  sweeten t h e  o t h e r  

d i e t s .  Since r a w  egg white  contains  av id in ,  a p r o t e i n  t h a t  binds b i o t i n ,  200 micro- 

grams of  b i o t i n  pe r  100 g of egg albumin w a s  added i n  the  d i e t  p repara t ion  t o  

counterac t  the  av id in  present .  

The carbohydrate d i e t  included a small amount of  c i t r i c  a c i d  

S a l t s  w e r e  added t o  provide approximately t h e  following amounts of  minerals  

sodium, 3.0; potassium, during a l l  of t h e  6 metabol ic  periods,in g/subject /day:  

3.0; calcium, 0.8; phosphorus, 1.2; magnesium, 0.5. 

*Monoandnoacetic ac id ,  Nu t r i t i ona l  Biochemicals Corp., Cleveland, Ohio. 
**"Bacto-agar,'' Difco Labs, Detroi t ,  Mich. 

***Sucaryl, Abbot Labora tor ies ,  North Chicago, Ill. 
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DIETARY PLAN 

Experiment No. 6 

Table 1 

Metabolic ~ 

Period 

Number of ~ 

Days 

Pre  

4 

Subject 

0601 

0602 

0603 

0604 

0605 

I1 

5 

111 IV V V I  Pos t  

5 5 5 5 2 2  

F+P 

C 

P 

F 

C+P 

G 

F 

C+P 

P 

C 

P C F C+P Y z 
$1 P C+P 2P Y Z  

F G(2) P P Y Z  

F+P F %(C+P) C Y Z  
C+P F+P c k(C+P) Y z 

? 

D i e t  

X 

G 

F+P 

C 

C+P 

P 

F 

%(C+P> 

2P 

Y 

Z 

Content 

NASA 5112 - Balanced Formula* 

Glycine 

Corn o i l  (400 kca l )  + egg albumin (400 kcal )  

Sucrose 

Sucrose (400 kca l )  + egg albumin (400 kca l )  

Egg albumin 

Corn o i l  

Sucrose (200 kca l )  + egg albumin (200 kca l )  

Egg albumin 

"Met r ecal" 

Normal low-calorie d i e t  

To ta l  kcal /day 

2000 

4 00 

800 

4 00 

800 

4 00 

400 

4 00 

800 

900 

900 

(1) 
(2) F i r s t  2 days e s s e n t i a l l y  f a s t i n g  + 3 days 400 k c a l  carbohydrate/day; 

F i r s t  2 days e s s e n t i a l l y  f a s t i n g  + 3 days of 400 k c a l  carbohydrate/day. 

no minerals throughout period. 

Formula w i l l  be found i n  annual r e p o r t  dated September 1966. * 
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Table 2 
COMPOSITION AND PREPARATION OF CARBOHYDRATE DIET 

d d a y  

Sucrose 102.72 (397.53 kca l )  
C i t r i c  ac id  1.0 (2.47 kca l )  
MgO* .759 
CaHP04 2H20* 3.35 
K I  * .002 
Agar 5. 
H20 (1) 250. 
H20 (11) 300. 
Flavoring, a r t i f i c i a l  .02 
Coloring, a r t i f i c i a l  .02 

* 
Omitted from carbohydrate d i e t s  prepared f o r  
adminis t ra t ion  with p ro te in  d i e t s .  

Prepared by mixing dry ingredien ts  toge ther  with some H20 (11). 
The agar  w a s  dissolved by br inging t o  b o i l  i n  H 2 0  ( I )  with constant  

s t i r r i n g ,  a l lowing i t  t o  cool ,  and making up t o  t h e  o r i g i n a l  
weight with water before  mixing a l l  i ng red ien t s  together .  

Weighed i n t o  sepa ra t e  m e a l  conta iners  (164.7 g/100 k c a l  meal) and 
frozen. 

S u f f i c i e n t  d i e t  f o r  the  complete p r o j e c t  w a s  made a t  one t i m e .  

Table 3 
COMPOSITION AND PREPARATION OF FAT DIET, 

Corn o i l  45.25 (400 kca l )  
“Sucary 1” 1.0 
MgO* .759 
CaHPO4 2H2@ 3.35 

Agar 5. 
K I  * .002 

H20 (1) 250. 
H20  (11) 250. 
Flavoring, a r t i f i c i a l  .04 
Coloring, a r t i f i c i a l  .03 

* 
Omitted from f a t  d i e t s  prepared f o r  adminis t ra t ion  
with p r o t e i n  d i e t s .  

The agar  w a s  dissolved by br inging  t o  b o i l  i n  H20 f.1) with  cons tan t  
s t i r r i n g ,  allowing i t  t o  cool ,  and making up t o  o r i g i n a l  weight 
with water. 

The dry ing red ien t s  were suspended i n  a l i t t l e  H 2 0  (11) and a l l  
i ng red ien t s  were blended i n  a Waring Blender, c h i l l e d  i n  t h e  f r e e z e r  
f o r  20 minutes, b r i e f l y  reblended, weighed i n t o  sepa ra t e  m e a l  
conta iners  (137.8 g/lOO k c a l  meal) and frozen. 

S u f f i c i e n t  d i e t  f o r  6 subject-days w a s  made a t  one t i m e .  
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Table 4 
COMPOSITION AND PREPARATION OF PROTEIN DIET 

Egg albumin 
"Sucary 1" 
Biot in  
MgO 
CaHPO4 2H20 
K I  
Agar 

H20 (11) 
Flavoring, a r t i f i c i a l  
Coloring, a r t i f i c i a l  

H20 (1) 

$/day 

1.25 
107.4 (400 kca l )  

.0002 

.618 

.002 
3.19 

5. 
250. 
750. 

.05 

.03  

The dry ing red ien t s  were mixed with a l i t t l e  H20 (11) i n t o  a thick 
p a s t e  and gradual ly  thinned with H20 (11), avoiding any bea t ing  
motion (which would have caused p e r s i s t e n t  foaming). 

The agar  was dissolved by br inging  t o  b o i l  i n  H20 (I) wi th  constant  
s t i r r i n g ,  allowing it t o  cool ,  and making up t o  o r i g i n a l  weight 
with water before  gently mixing a l l  t he  ing red ien t s  together .  

Weighed i n t o  sepa ra t e  m e a l  con ta ine r s  (279.4 g/100 k c a l  meal). 
S u f f i c i e n t  d i e t  fo r  one-quarter the  complete p r o j e c t  w a s  made a t  

one t i m e .  

Table 5 
COMPOSITION AND PREPARATION OF GLYCINE DIET 

Glycine 
I' S ucary 1" 
MgO 
CaHPO4 2H20 
K I  
Agar 

H20 (11) 
12N HC1 
Flavoring, a r t i f i c i a l  
Coloring, a r t i f i c i a l  

H20 (1) 

g/day 

.25 

.759 
3.35 

.002 
5. 

250. 
1000. 

107.5 (400 kca l )  

.320 

.120 

.040 

The agar  w a s  dissolved by br inging  t o  b o i l  i n  H20 (I) with constant  
s t i r r i n g ,  allowing i t  t o  cool ,  and making up t o  the  o r i g i n a l  weight 
with water. 

The dry ing red ien t s  were mixed toge ther  i n  a l i t t l e  o f  H20 (11) and 
a l l  t h e  ing red ien t s  were w e l l  mixed before  weighing i n t o  sepa ra t e  
m e a l  conta iners  (341.8 g/100 kca l  meal) and freezing.  

S u f f i c i e n t  d i e t  f o r  t h e  complete p r o j e c t  w a s  made a t  one t i m e .  
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Sodium w a s  given i n  the  form of sodium ch lo r ide  t a b l e t s  and potassium as a 

sepa ra t e  l i q u i d  supplement, s i n c e  a t  t h e  des i red  levels they would have made t h e  

d i e t s  completely unpalatable.  The o ther  salts, which are tasteless, were mixed 

i n t o  the  d i e t s .  Because egg albumin a l ready  contains  c e r t a i n  amounts of minerals ,  

two d i f f e r e n t  levels of sodium chlor ide (4.5 g/day wi th  the p r o t e i n  d i e t ;  7.5 g/day 

without  the  p r o t e i n  d i e t )  and of potassium supplement ( see  Table 6 )  had t o  b e  

administered and the  carbohydrate and f a t  d i e t s  had t o  be prepared i n  2 forms, 

one wi th  minerals  added f o r  use alone and one without  minerals  f o r  use a t  the  

800 kcal/day level, i n  conjunct ion with the  p r o t e i n  d i e t  which a l ready  contained 

the  d a i l y  supply of minerals.  

Trace minerals  and vitamins were administered d a i l y  as l i s t e d  i n  Tables 7 and 

8. 

Each s u b j e c t  received d a i l y  4 cups of decaf fe ina ted  coffee* (9.0 g ) ,  1 cup 

of tea** (1.0 g ) ,  and one b o t t l e  of a r t i f i c i a l l y  sweetened carbonated beverage*** 

(12  o z . ,  approximately 290 g).  

of co f fee  throughout t he  p r o j e c t  and w a s  given an e x t r a  d a i l y  f l u i d  mineral  sup- 

plement t o  rep lace  t h e  minerals thus omitted. 

Subject 0602 received 4.0 g tea d a i l y  i n  p l ace  

In  add i t ion  t o  t h e  d i e t s  already described, t h e  s u b j e c t s  had f r e e  access t o  

deionized water from a cooler  a t  a l l  t i m e s .  'Each s u b j e c t  recorded a l l  volumes 

( i n  m l )  of self-adminis tered w a t e r  on h e r  ind iv idua l  char t .  No o t h e r  materials 

w e r e  permit ted by mouth, inc luding  toothpaste ,  mouthwash, o r  chewing gum, unless  

adminis tered by a s t a f f  member. 

The b a s i c  d i e t s  w e r e  prepared i n  bulk i n  advance of t he  p r o j e c t ,  weighed i n t o  

i n d i v i d u a l  meal conta iners ,  each of which he ld  a 100-kcal por t ion ,  and frozen u n t i l  

needed. 

two 100-kcal por t ions  were given a t  9:00 a.m., 12:30 p.m., 5 : 3 0  p.m., and 9:30 p.m. 

each day. 

and w e r e  i n s t r u c t e d  t o  c lean  the  containers  thoroughly with spa tu l a s  provided. 

One of t h e  inves t iga to r s  checked each car ton f o r  complete consumption. 

Shor t ly  before  adminis t ra t ion  the  conta iners  were def ros ted  and one o r  

The s u b j e c t s  drank the  semi-fluid formulas s t r a i g h t  from the  conta iners  

*Sanka, General Foods, I n s t i t u t i o n a l  Food Ser. Div., White P l a i n s ,  N.Y. 
**Nestea, The Nestle Co. Inc., White Pla ins ,  N.Y. 

***Tab, Coca Cola Company. 
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Table 6 
LIQUID POTASSIUM SUPPLEMENTS" 

1. For use with pro te in  d i e t :  60 m l  provides 1450 mg K 

K2HPo4*3H20 

K2S04 
H ~ S O ~  (conc. 

D i s t i l l e d  water 

2. For use without 

K2HP04'3H20 

K2S04 
H2S04 (conc. ) 

D i s t i l l e d  water 

pro te in  d i e t :  

per 6 l i t e rs  

368.2 g 

41.9 g 

36.0 m l  

q.s. 

60 m l  provides 2620 mg K 

per 6 l i t e r s  

412.4 g 

269.2 g 

42.0 m l  

q.s. 

* 
15 m l  administered 4 t i m e s  d a i l y  with meals. 

TRACE MINERAL SUPPLEMENT* 

Formula 

FeS04'7H20 

CuC12*2H20 
ZnS04'7H20 

MnS04 H20 

N a  Mo04'2X20 2 
C r 2  ( SO4 15H20 
Na2Se0 

AlK( SO4 12H20 

Choline dihydrogen c i t r a t e  

3 

50 mg 

5.37 mg 

43.9 mg 

15.36 mg 

0.63 mg 

3.2 mg 

25 mcg 

85.0 mg 

2.4g 

Table 7 

Yield 

Fe 10 m q  
++ 
++ 
++ cu 2 mg 

Mn++ 4.9 mg 

Cr+++ 0.5 mg 

Se 11.0 m c g  

A1+++ 4.8 mg 
Choline 1 g 

Zn 10 mg 

+++ Mo 0.24 mg 

++++ 

* 
Divided i n t o  3 capsules and given with b reak fas t ,  d inner  
and supper. 
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Table 8 * ** 
VITAMIN SUPPLEMENT ’ 

Thiamine mononitrate 
Rib of lavi  n 
N i  acinami de 
Pyridoxine hydrochloride 
Calcium pantothenate 
Fo l i c  ac id  
Vitamin B12 
d-bi ot i n  
Vitamin A a c e t a t e  o r  pa lmi ta te  
Vitamin D 
dl-alpha eocopheryl a c e t a t e  
Vitamin K1 
Ascorbic a c i d  

2 %  
3 mg 

20 mg 
5 mg 

10 mg 
0 .5  mg 
2 mcg 
0.05 mg 

4000 u.S.P. u n i t s  
400 U.S.P. units 

35 mg 
1 mg 

50 m@; 

* 
Given d a i l y  wi th  b reak fas t .  

** 
Courteously supplied by t h e  Hofhan-LaRoche Company. 
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Penthouse Pnocedwre 

The subjec ts  were admitted t o  the Penthouse Research Unit i n  t h e  af ternoon 

of Monday, May 2 3 ,  1966 (p ro jec t  day 11, and a f t e r  in t roduct ion  t o  tes t  procedures 

were given a normal dinner.  Formula d ie t s  were s t a r t e d  on p ro jec t  day 2. 

Urine voided at 8 a.m.  t h e  next morning w a s  discarded and all u r ine  w a s  saved 

throughout t h e  38 days of t h e  p ro jec t ,  each 24-hour c o l l e c t i o n  ending at 8 a .m.  

Volume, s p e c i f i c  g rav i ty ,  osmolal i ty ,  and pH were measured da i ly  and q u a l i t a t i v e  

tests f o r  sugar ,  p r o t e i n ,  and acetone w e r e  made. Daily co l l ec t ions  w e r e  d i l u t e d  

t o  convenient volume with d i s t i l l e d  water and a l iquo t s  w e r e  analyzed f o r  c r e a t i -  

n ine ,  n i t rogen ,  and t o t a l  ketone body contents .  Pooled co l l ec t ions  from each 

5-day metabolic per iod were analyzed f o r  content of u r i c  ac id ,  sodium, and potss-  

sium. 

B. 

Methods used f o r  t hese  and other chemical procedures are l i s t e d  i n  Appendix 

Fecal  co l l ec t ions  were made fo r  each 5-day metabolic per iod ,  beginning on 

p ro jec t  day 5. 
c o l l e c t i o n  w a s  d i l u t e d  t o  uniform volume with d i s t i l l e d  water, blended thoroughly 

i n  a c o l l o i d  m i l l ,  and a l iquo t s  were analyzed f o r  n i t rogen  content.  

The weight of s too l s  w a s  recorded a t  each defecat ion.  The 5-day 

A f a s t i n g  blood sample w a s  taken on t h e  f irst  day of each metabolic pe r iod ,  

These were analyzed f o r  t o t a l  ketone bodies ,  and t h e  day a f t e r  per iod  V I  ended. 

t o t a l  n i t rogen ,  urea n i t rogen ,  u r i c  ac id ,  glucose and choles te ro l .  

The sub jec t s  were weighed t o  the neares t  10 g each morning on r i s i n g  and i m -  

mediately after voiding, c l ad  only in  underwear. Body composition w a s  es t imated 

f o r  2 sub jec t s  from s p e c i f i c  gravi ty  (underwater weighing),  before  t h e  f irst  

metabolic per iod  and during t h e  s ix th  per iod.  Body composition w a s  es t imated f o r  

all sub jec t s  from t o t a l  body water (T20) during t h e  f irst  metabolic per iod and at 

t h e  end of t h e  s i x t h .  Body circumference measurements were made on t h e  f irst  day 

of each metabolic per iod ,  pr imari ly  f o r  t h e  personal  s a t i s f a c t i o n  and encourage- 

ment of t h e  volunteer  sub jec t s .  

B a s a l  metabolic rate w a s  measured 3 times during t h e  experiment; before  t h e  

first metabolic test  per iod ,  during t h e  t h i r d ,  and a f t e r  t h e  s i x t h .  C i rcu la t ing  

blood volume w a s  measured twice,  at t h e  beginning and at t h e  end of t h e  p ro jec t .  

O r a l  temperature,  pulse  and r e sp i r a t ion  r a t e s ,  and blood pressure were re- 

corded twice d a i l y ,  on r i s i n g  a t  7 : 3 0  a.m. and at 9:OO p.m. before  t h e  evening 

meal. A brea th  sample w a s  taken from each subjec t  every morning immediately after 

r i s i n g ,  f o r  a separa te  s tudy.  

Since t h e  sub jec t s  were confined t o  a r e l a t i v e l y  s m a l l  area and t h e i r  normal 
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exerc ise  w a s  r e s t r i c t e d ,  a da i ly  a c t i v i t y  program w a s  planned t o  encourage t h e  

women t o  use exe rc i se  t o  complement t h e  a n t i c i p a t e d  weight loss  from t h e i r  re- 

s t r i c t e d  c a l o r i c  i n t akes .  

unaccustomed t o  an a c t i v e  l i f e ,  t h i s  program could not be very s t renuous.  

t h e  nurse , t h e  group p a r t i c i p a t e d  i n  15 minutes of simple "spot-reducing" exer- 

c i s e s  each morning before  b reak fas t .  

j e c t  walked on a treadmill, i n i t i a l l y  set l e v e l  and at 2 mph. 

t i o n  of walking were regula ted  throughout t h e  p ro jec t  according t o  ind iv idua l  capa- 

b i l i t i e s .  

cooperated w e l l  except 0602, who omitted or d i d  not  complete he r  treadmill exer- 

c i s e  on f i v e  occasions.  

A s  t h e  subjec ts  were all considerably overweight and 

Led by 

(See Appendix C . )  Every af ternoon each sub- 

The speed and dura- 

It w a s  hoped t o  keep a c t i v i t y  as uniform as poss ib l e ,  and all sub jec t s  

During per iods  V and V I  both aMax Planck respirometer  and conventional Douglas 

bag technique were used t o  measure energy expenditure of 4 of t h e  5 sub jec t s  during 

var ious d a i l y  a c t i v i t i e s .  During 

t h i s  t ime,  t h e  sub jec t s  a l s o  kept da i ly  records of a l l  a c t i v i t y  from which es t imates  

of t o t a l  d a i l y  energy expenditure were computed. 

The sub jec t s  were expected t o  make t h e i r  own beds and c lean  t h e i r  rooms. The 

(One subjec t  w a s  unable t o  t o l e r a t e  a face mask.) 

rest of t h e i r  t i m e  w a s  spent r e s t i n g  and i n  qu ie t  occupations such as reading ,  

sewing, watching t e l e v i s i o n ,  and i n  conversat ion.  There w e r e  no rules covering 

bedtime o r  s leeping  but t h e  subjec ts  w e r e  expected t o  r ise at 7 :30  a.m. and t o  co- 

opera te  i n  all t h e  d a i l y  procedures. 

A staff member  w a s  always on duty, and a physician w a s  a v a i l a b l e  at a l l  t i m e s .  
V i s i t o r s  were permit ted on two evenings and one afternoon each week and telephone 

communications and m a i l  were allowed. The sub jec t s  l e f t  t h e  penthouse on only two 

occasions during t h e  e n t i r e  p r o j e c t ,  when they  were taken t o  be weighed underwater. 

Die ta ry  i n s t r u c t i o n  w a s  given t o  t h e  sub jec t s  during t h e  last week of t h e  

p r o j e c t ,  and on t h e  last  2 complete p r o j e c t  days, 37 and 38 (June 28 and 29, 1966) 
they  were given 900 kca l s  per  day of o rd inary  food t o  h e l p  them understand what 

t ypes  and amounts of food they  should e a t  i f  they  were t o  continue t o  l o s e  weight 

when t h e  p r o j e c t  f i n i shed .  It w a s  intended t h a t  t h e  sub jec t s  should r e t u r n  at 

r e g u l a r  i n t e r v a l s  after t h e  p ro jec t  f o r  weight checks and encouragement. 

B. BRIEF STUDY OF NORMAL SUBJECTS 

Five members of t h e  University community, one man and fou r  women, v o l u n t a r i l y  , * 
consumed each day f o r  at l e a s t  5 days 95 grams of t h e  p r o t e i n  case in ,  as e s s e n t i a l l y  

i 
Casec, suppl ied  through t h e  courtesy of t h e  Mead-Johnson Co. , Evansvi l le ,  Indiana. 
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the  only source of dietary energy. 

7 days and another f o r  12 days,  only 9 of which were usef'ul as she began t o  add some 

carbohydrate-containing foods on t h e  t e n t h .  

the  same amount of n i t rogen ,  13.1 grams per  day, i n  t he  form of egg white ,  tu rkey  

white m e a t  and/or crab f o r  5 days,  and a t e  only d r i e d  f r u i t s  and j e l l y  candy during 

a second 5-day per iod of 400 k c a l  t o t a l  i n t a k e ,  nea r ly  a l l  as ' carbohydra te .  

s u b j e c t s  were i n s t r u c t e d  t o  t ake  t w o  bou i l lon  cubes d a i l y  as a source of sa l t ,  and 

were permit ted t o  t a k e  ad l i b i t u m  a r t i f i c i a l l y  sweetened so f t  drinks, co f fee  and tea. 

These sub jec t s  ranged i n  age from 25 t o  45 years  and were about 5 t o  10 kg 

One o f t h e  women f o l l o w e d t h e  p ro te in  diet f o r  

An a d d i t i o n a l  m a l e  sub jec t  took about 

A l l  

above t h e i r  des i r ed  weights f o r  height .  

medical h i s t o r y ,  phys ica l  examination and normal blood values .  

continued t h e i r  r egu la r  occupations and l i v e d  at home. 

All were judged hea l thy  on t h e  b a s i s  of  

During t h e  t es t  they  

Subjec ts  c o l l e c t e d  u r ine  quan t i t a t ive ly  f o r  subsequent n i t rogen  determinat ion.  

Blood samples drawn i n i t i a l l y  and at t h e  end of t h e  test  diet per iods were analyzed 

f o r  content  of u r i c  a c i d ,  urea ni t rogen,  c h o l e s t e r o l ,  and t r i g l y c e r i d e  ( n e u t r a l  

f a t ) .  

s c a l e s .  

Subjects  weighed nude after voiding each morning, using ordinary bathroom 
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This diminished r a t e  of  loss suggests adaptat ion t o  low c a l o r i c  i n t akes ,  but  

t h e r e  w a s  l i t t l e  evidence of t h i s  i n  t h e  measured b a s a l  metabolic expenditures (BME) 

of  t h e  sub jec t s  (Table 10). The r a t e  of  energy u t i l i z a t i o n  w a s  e s s e n t i a l l y  t h e  same 

i n  the te rmina l  per iod as it was i n i t i a l l y  (within t h e  accuracy of t h e  method), 

when cor rec ted  t o  body mass at t h e  da te  of measurement. The a l t e r a t i o n  i n  body 

weight could account f o r  an e f f ec t ive  d i f fe rence  of only about 235 kcal/day (14  kg 

l o s s  x 0.7 kcal /kg/hr  BME x 24 h r s ) .  

be t h a t  t h e  dominant cont r ibu tors  t o  b a s a l  energy need-internal organs and nervous 

system--are l i t t l e  a f fec ted  by short-term c a l o r i c  deprivat ion.  

The reason f o r  t h i s  minor change i n  BME may 

It i s  reasonable t o  assume tha t  energy cost  of ac t ive  t a s k s  would be diminished 

as the study progressed, because t h e  body m a s s  t o  be moved w a s  less. 

d a t a  obtained from four  of t h e  subjec ts  do suggest such a systematic  t r e n d  (Table 11). 

Early i n  t h e  s tudy,  most of t he  subjec ts  were unable t o  complete more than  a few 

minutes of l e v e l  walking on a slowly moving t r eadmi l l  (1-1.5 mph), although t h e  

Very l imi t ed  

RESULTS 

A. PENTHOUSE EXPERIMENT NO. 6 

Evzmgy Balance and WC&J~R. Change 

Daily body weights f o r  each subject  throughout experiment no. 6 are shown i n  

Figures 1 through 5. 
13.6 kg, t h e  g r e a t e s t  loss being 15.05 kg (0604) and t h e  smallest 12.05 kg (0605). 
For t h e  30 days of t h e  s i x  experimental per iods t h e  mean weight loss w a s  10.54 kg, 

with a range from 11.96 kg (0602) t o  9.34 kg (0601). 

The average weight loss f o r  t h e  39 days of t h e  whole s tudy w a s  

Table 9a l i s t s  t h e  weight change i n  grams per  day by per iod of study. I n  

Table gb t h e  same da ta  a r e  co l l a t ed  f o r  each subject  on each d i e t a r y  regimen and t h e  

m e a n  weight change f o r  each regimen i s  given. 

All f i v e  subjec ts  l o s t  weight s t e a d i l y  during t h e  4-day prel iminary per iod of 

2000 kca l s  mixed formula d i e t  and s t a b i l i z a t i o n  had not occurred by t h e  s tar t  of t h e  

f irst  t e s t  per iod.  Since t h i s  2000-kcal d i e t  w a s  not appreciably lower i n  c a l o r i e s  

than  t h e  accepted requirements f o r  t he  age and sex of t h e  s u b j e c t s ,  t h e  weight loss 

probably represented water balance adjustment. However, weight loss  rate w a s  a l so  

g r e a t e r  during t h e  f i r s t  5-day experimental per iod than  it w a s  t h e r e a f t e r ,  on t h e  

average. By t h e  end of t h e  s tudy ,  subjec ts  l o s t  l i t t l e  weight even at 900 kcal/day 

i n t a k e ,  t h e  group average being only 10% of t h a t  observed during t h e  i n i t i a l  per iod  

of 2000 k c a l  d i e t .  
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Figure  1. D a i l y  Body Weight-of Sub jec t  0601 
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Figure  2. Daily Body Weight of Subject 0602 
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Figure 3. Daily Body Weight  o f  S u b j e c t  0603 
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Figure  4 .  Daily Body Weight of S u b j e c t  0604 
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Figure 5. Daily Body Weight  of S u b j e c t  0605 
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youngest, 0601, w a s  more competent than t h e  o lde r  women. 

2.0 mph, w a s  about 5 t o  6 kcal/min i n  per iod V ( R . Q .  w a s  about 0.7 i n  most tests 

ind ica t ing  dominant fat metabolism, so t h e  energy equivalent  of oxygen w a s  about 

4.68 k c a l / l i t e r )  , and f e l l  t o  about 4.2 t o  5.0 kcal/min at t h e  end of t h e  experi-  

ment. 

accomplish t h e  same work, i l l u s t r a t i n g  t h e  major energy cos t  of obes i ty ,  i f  work 

output i s  sus ta ined .  

Measured energy c o s t ,  a t  

Young a d u l t s  of normal weight (140 l b s )  usua l ly  r equ i r e  only 2.9 kcal/min t o  

There were remarkable d i f fe rences  i n  energy expenditure among sub jec t s  when 

they  were allowed t o  work at t h e i r  own pace (Table 11). 

s u b j e c t ,  0601, i s  evident i n  he r  increased c a l o r i c  expendi ture  during qu ie t  s i t t i n g  

and l y i n g ,  as compared t o  t h e  o lder  women. Expenditures during walking and exer- 

c i s i n g  var ied  with t h e  v igor  of t h e  sub jec t .  

The high BME of t h e  young 

Ac t iv i ty  d i a r i e s ,  kept during t h e  l a t e r  per iods of t h e  experiment by some of 

t h e  s u b j e c t s ,  were used t o  es t imate  t o t a l  d a i l y  energy expendi ture ,  from t h e  a c t u a l  

values  of c a l o r i c  expenditure f o r  measured t a s k s  and by i n t e r p o l a t i n g  f o r  t hose  un- 

known. 

kcal /day (Table 1 2 ) .  

f o r  t h e  s i x  t reatment  per iods would be  about 1650-1700 kcal/day (2188 k c a l  average 

from d i a r i e s  l e s s  520 k c a l  average in take  from d i e t ) .  Mean weight loss  of t h e  sub- 

j e c t s  i n  quest ion w a s  about 335 g/day which suggests  a c a l o r i c  equivalent  f o r  weight 

loss of about 5 kca l /g .  This low value ind ica t e s  t h a t  water and/or l ean  body mass 

w a s  l o s t ,  i n  addi t ion  t o  adipose t i s s u e  (which has 

8 k c a l / g  based on i t s  proximate composition). 

Computed t o t a l  expenditures va r i ed  widely--from averages of 1607 t o  2762 

If t h e s e  values a r e  cor rec t  , t h e  average d a i l y  energy d e f i c i t  

an energy equivalent  of about 

With respec t  t o  d i e t a r y  t reatment ,  a l l  except one subjec t  l o s t  most weight 

when given 400 kcal /day as f a t ;  the  group mean l o s s  w a s  675 g/day (Table 9b ) .  

400 k c a l ,  mean weight loss  w a s  l e a s t  with carbohydrate (292 g )  . 
carbohydrate-plus-protein, two subjects  gained weight and t h e  mean lo s s  w a s  only 

56 g/day. 

average loss of t h r e e  sub jec t s  was 541 g ,  i n  t h e  same range as observed a t  400 k c a l  

i n t a k e s .  

hydra t e  and fat  on weight loss:  

g r e a t e s t  i n  t h e  presence of f a t .  

i s  w e l l  t o  remember t h a t  t h e  protein source used, egg albumen, d id  provide about 

80 k c a l  from unavoidable carbohydrate present  as sugar-containing p ro te in .  ) 

A t  

With 800 k c a l  from 

The r e p l i c a t e s  f o r  800 kca l  from fat-plus-protein a r e  not complete, bu t  

Thus, main d i e t a r y  t reatments  revealed dominant e f f e c t s  of both carbo- 

loss  w a s  l e a s t  i n  t h e  presence of carbohydrate and 

The d i f f e rence  due t o  p r o t e i n  w a s  marginal.  (It 
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Keto& and Unic A c i d  C t e m c e  
Daily t o t a l  ketone body excre t ion ,  expressed as ace tone ,  i s  shown f o r  t h e  sub- 

j e c t s  i nd iv idua l ly  i n  Figures 6 t o  10.  

ment t o  t h e  changes of d i e t ,  r i s i n g  a f t e r  t h e  in t roduc t ion  of ketogenic regimes t o  

achieve m a x i m a l  concent ra t ion  only by t h e  t h i r d  day or la ter .  

switching from one of t h e s e  diets  t o  another ,  l e s s  ke togenic ,  one w a s  a l s o  gradual.  

The d a t a  given i n  Table 13 a r e  t h e  averages of t h e  two las t  days of each t rea tment  

per iod  when va lues  were most s t a b l e .  

ketones occurred with t h e  400 k c a l  f a t  d i e t ,  an average of 8 g pe r  24 hours f o r  a l l  

sub jec t s .  

f i r s t  pe r iod  of study, i n  t h a t  she was r e s i s t a n t  t o  k e t o s i s  from fa t .  The lowest 

average exc re t ion  of ketone w a s  assoc ia ted  with carbohydrate-containing d ie t s  f o r  a l l  

s u b j e c t s .  

between t h a t  from f a t  and carbohydrate. 

of 400 k c a l  of p r o t e i n  d id  not enhance k e t o s i s ,  and add i t ion  of 400 k c a l  as carbo- 

hydra te  prevented t h e  k e t o s i s  found wi th  p ro te in  alone. 

The u r i n a r y  output r e f l e c t e d  gradual  ad jus t -  

The rate of f a l l  after 

These d a t a  show t h a t  t h e  m a x i m u m  r e n a l  output of 

The behavior of 0604, t h e  d i a b e t i c  s u b j e c t ,  w a s  e r r a t i c  i n  t h i s ,  he r  

A t  400 k c a l  i n t ake  from egg albumen, ketone formation w a s  in te rmedia te  

Addition of 400 k c a l  as fa t  i n  t h e  presence 

T o t a l  blood ketones,  measured as mg of acetone p e r  100 m l  whole b l o o k a t  t h e  

end of each d i e t a r y  period2are p lo t t ed  with t h e  u r i n a r y  d a t a  i n  Figures 6-10 and are 

c o l l a t e d  i n  Table 1 4 .  These values are i n  good agreement wi th  t h e  u r ina ry  exc re t ion  

p a t t e r n s .  

and ranged among t h e  o t h e r s  from 19 t o  25 mg%. 

t a i n i n g  carbohydrate and i n  t h e  two sub jec t s  f o r  whom t h e r e  are data, 200 k c a l  as 

carbohydrate was  nea r ly  as e f f e c t i v e  as w a s  400 k c a l  i n  diminishing ke togenes is ,  wi th  

t h e  remaining 200 k c a l  f r m  protein.  

Highest blood l e v e l s  were found a f t e r  feeding f a t ,  i n  all except 0604, 

Values were lowest with d i e t s  con- 

Only one subjec t  w a s  able  t o  complete t h e  g lyc ine  t e s t .  Her u r ina ry  ketone ex- 
c r e t i o n  w a s  t h e  same as t h a t  she experienced wi th  an a l l - p r o t e i n  d i e t  but t h e  fast- 

i n g  blood value w a s  nea r ly  as low as t h a t  found a f t e r  an overnight f a s t  following 

t h e  casbohydrate period. Her blood l e v e l  wi th  carbohydrate was t h e  h ighes t  of t h e  

e n t i r e  group of women, however. 

Uric a c i d  content of t h e  ur ine  i s  given i n  Table 1 5  and blood l e v e l s  a r e  re- 

corded i n  Table 16. 
l e v e l s  d i r e c t l y  and u r ina ry  clearances i n d i r e c t l y .  That i s ,  when ke tonur ia  w a s  

m a x i m a l ,  u r ina ry  u r i c  a c i d  excretion w a s  low and, under t h e s e  condi t ions ,  blood 

levels of u r i c  ac id  were e leva ted .  I n  most s u b j e c t s ,  t h i s  combination of events  

occur red  wi th  t h e  pure fa t  d i e t ;  again, 0604 w a s  except iona l  i n  having less response 

t o  fa t  than  t o  p ro te in .  

I n  gene ra l ,  these data correspond t o  t h e  ketone va lues ,  blood 

Blood l e v e l s  were lowest and u r ina ry  output h ighes t  w i th  
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d i e t s  containing carbohydrate, a t  any l e v e l  of t o t a l  c a l o r i c  in take .  For most of 

t h e  sub jec t s ,  u r inary  u r i c  ac id  output was g rea t e r  w i t h  p ro t e in  than with f a t ,  but  

lower than with carbohydrate. Blood l e v e l s  r e f l e c t e d  ind iv idua l  excre t ion  pa t t e rns .  

These da t a  ind ica t e  t h a t  blood u r i c  ac id  l e v e l s  a r e  e leva ted  with fat feeding as a 

r e s u l t  of f a i l u r e  adequately t o  c l ea r  u r i c  acid through t h e  kidney, and t h a t  i n  

some sub jec t s  t h e  same i s  t r u e  with a very low c a l o r i e ,  egg a l b m n  d i e t .  With 

g lyc ine ,  u r inary  u r i c  ac id  output was normal f o r  t h e  subjec t  and blood concentrat ion 

w a s  not raised, suggesting t h a t  t h i s  amino ac id  can serve  a similar funct ion t o  

d i e t a r y  carbohydrate. 

ExcheLlon and Extehnd Bdmce~ 
Voluntary f l u i d  in take  va r i ed  from averages of 485 t o  839 m l  per  day among t h e  

major d i e t a ry  treatment per iods (Table 17 ) .  
amount of preformed dietary water t h a n  d i d  t h e  fat and carbohydrate mixtures,  so  

even though self-adminis tered water in take  w a s  lower i n  t h e  400 kca l  p ro t e in  per iod 

than with t h e  non-protein d i e t s ,  t o t a l  water i n t ake  of t h e  p ro te in  group was about 

300 m l  higher  (3135 vs.  2849 and 2806 m l )  . Urinary volume (2072 g )  and content of 

dissolved s o l i d s  (440 mOsm pe r  l i t e r )  were t h e  same during t h e  fat  and p ro te in  400 

kca l  per iods ,  and l e s s  during consumption of carbohydrate (1553 g and 363 m0sm). 

The d i f fe rence  between f l u i d  intake and ur inary  output i s  thus  about 500 m l  g r e a t e r  

with t h e  carbohydrate reginen than with t h e  f a t ,  and about 200 m l  grea te r  than wi th  

p r o t e i n ,  which i s  s t i l l  about 300 ml i n  excess of t h a t  with fa t .  Since t h e r e  is no 

reason t o  suspect excessive l o s s  of water as sweat or i n sens ib ly ,  and t h e r e  were no 

d iges t ive  upse ts ,  it i s  reasonable t o  conclude t h a t  t hese  d i f fe rences  i n  crude balance 

i n d i c a t e  r e t en t ion  or loss of body water i n  response t o  d i e t .  

The pro te in  formula provided a l a r g e r  

A t  t h e  800 kca l  l e v e l  of intake,  ur inary volume w a s  near ly  t h e  same for both 

d ie t s  (2300 g )  but  osmolali ty w a s  higher  with f a t  i n  t h e  mixture than with carbohy- 

drate (437 vs. 349 m0sm). Both d i e t a ry  preformed and voluntary f l u i d  in take  were 

lower i n  t h e  case of t h e  fat -protein mixture,  summating t o  a t o t a l  d i f fe rence  of 

about 300 m l  f l u i d  in t ake .  Therefore, t h e  d i f fe rence  between in t ake  and ur inary  

volume w a s  again l a r g e r  i n  t h e  presence of carbohydrate as at t h e  lower c a l o r i c  in- 

t a k e s .  These d i f fe rences  i n  fluid. correspond t o  t h e  observed body weight responses 

of t h e  sub jec t s  (v ide  s u p r a ) ,  because weight loss was low with carbohydrate i n  t h e  

d i e t  and high when fat  was included. 

Urinary pH was q u i t e  low throughout t h e  experiment and did not vary markedly 

among dietary treatment periods.  Urine w a s  s l i g h t l y  l e s s  ac id  during t h e  400 k c a l  
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Table 1 7  
FLUID INTAKE AND 

URINARY VOLUME, CONCENTRATION, AND pH 

400 kcal  800 k c a l  
F P G 4(C+P) C+P F+P 2P 

D i e t  -+ 

Subject 
Voluntary water in take ,  ml/day: 

0601 792 820 463 625 800 479 
0602 826 872 916 775 587 
0603 565 670 485 480 540 430 
0604 958 980 665t 600 491 546 
0605 1020 855 8 1 2  9 70 

average -+ 832 839 668 5 40 715 485 

Pre-formed water from t h e  d i e t ,  ml/day: 

2017 1967 2467 2717 2192 3017 2967 3467 

To ta l  average intake: 

2849 2806 3135 

- - - - -  - - -  

2732 3732 3452 - -  - - - -  - - -  - -  
Urinary volume, g/day 

0601 1169 2554* 2 1 1 7  2109 1720 2421 
0602 1780 1791 1324 * 2932 2 796 
0603 1881 1296 2152 1701 2339 2763 
0604 1469 2554 2453+ 2070 2210 1922 
0605 1466 2172 2313 * 2118 

average -+ 1553 2073 2072 1886 2264 2369 

Urinary concentration, mosm/liter 

0601 475 368 586 745 328 504 
0602 378 457 430 2 98 406 
0603 256 684 471 36 8 379 376 
0604 327 298 390t 2 98 352 431 
0605 380 395 325 389 

average -+ 363 440 440 3 33 349 437 
Urinary pH 

0601 5.38 5.36 5.12 6.10 5.79 5.35 
0602 5.82 5.03 5.56 (1) 5.05 4.87 
0603 6.16 5.16 5 . 2 2  5.15 5.00 4.91 
0604 5.18 5.40 4.72 5.78 5.03 5 . 2 1  
0605 5.01 5.12 4.95(3) (2) 4.94 

average -+ 5.51 5.21 5.11 5.46 5.16 5.15 

(1) F i r s t  2 days e s s e n t i a l l y  f a s t i n g  + 3 days C: 
(2) F i r s t  2 days e s s e n t i a l l y  f a s t i n g  + 3 days C; no minerals 

(3) F i r s t  5-day period following period without minerals: 5.71 

5.78 

throughout period: 5.78 

* E r e s i s  t F i r s t  p ro te in  period: i n t a k e ,  958 m l ;  volume, 1626 g; 
concentration, 304 mosm 
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carbohydrate per iod than  when pro te in  and f a t  served as t h e  s o l e  sources of c a l o r i e s ,  

bu t  t h e  mean value represents  t h e  e f f e c t  of only two sub jec t s  i n  whom t h i s  w a s  true. 

For t h e  ur inary  pH t o  have remained near ly  constant i n  t h e  face of varying amounts 

of a c i d i c  ketone bodies and a c i d i c  end-products of p ro te in  metabolism i n  t h e  u r ine  

(vide i n f r a ) ,  bas i c  elements and ammonia had t o  have been var iab ly  higher  i n  t h e  

ur ine  during some of t h e  d i e t a ry  periods. 

Excretion pa t t e rns  of two o f  the dominant bas i c  elements of  t h e  u r i n e ,  sodium 

and potassium, are shown i n  Table 18. Urinary content of both sodium and potassium 

w a s  much g rea t e r  when fat w a s  present than  when t h e  d i e t  contained carbohydrate at 

e i t h e r  l e v e l  of c a l o r i c  i n t ake .  

with fat -containing diets ur inary  excret ion exceeded t h i s  amount. 

f i v e  sub jec t s ,  u r inary  sodium a l s o  exceeded d i e t a r y  in t ake  during t h e  a l l -p ro te in  

per iod.  This extra sodium would have been derived from t h e  e x t r a c e l l u l a r  f l u i d  (ECF) 

compartment. Usually t h e r e  i s  a compensatory lo s s  of ECF volume t o  maintain t h e  com- 

partment isoosmotic with t h e  i n t r a c e l l u l a r  f l u i d  (ICF). Only when sodium balance 

w a s  p o s i t i v e ,  i n  t h e  carbohydrate per iods,  w a s  t h e r e  an opportunity f o r  r e t e n t i o n  of 

water with anomalous body weight behavior as a consequence, i n  which adipose t i s s u e  

may have been l o s t  with l i t t l e  o r  no apparent change i n  weight. If f l u i d  w a s  l o s t  

from t h e  e x t r a c e l l u l a r  compartment, weight loss could have been spuriously h igh ,  i n  

terms of t r u e  l o s s  of adipose t i s s u e ,  as  with f a t  feeding. 

The d i e t  provided t h r e e  grams of sodium pe r  day; 

I n  t h r e e  of t h e  

The question of potassium i s  somewhat more complicated. Dietary in t ake  was t h r e e  

grams pe r  day, and with only one d ie ta ry  treatment d id  t h e  group average exceed t h i s  

amount; when fa t  w a s  given alone. In a l l  o ther  per iods ,  u r inary  potassium w a s  less 

than  in t ake  but balance cannot be assumed because, i n  cont ras t  t o  sodium, t h e r e  i s  

s i g n i f i c a n t  f e c a l  excre t ion  of t h i s  element, normally, and f e c a l  l e v e l s  were not de- 

termined i n  t h i s  study. Since most subjec ts  l o s t  body ni t rogen throughout t h e  ex- 

periment (v&), and potassium i s  released when l ean  body t i s s u e  i s  ca tabol ized ,  nega- 

t i v e  potassium balance would be an t ic ipa ted .  However , t h e  isoosmotic r e l a t ionsh ips  

of  t h e  i n t r a -  and e x t r a c e l l u l a r  body f l u i d  compartments can also be maintained by 

expansion of t h e  i n t r a c e l l u l a r  f l u i d  ( d i l u t i n g  potassium, t h e  dominant c a t i o n )  t o  

accommodate f o r  loss of t h e  e x t r a c e l l u l a r  ca t ion  , sodium, without shrinkage of t h e  

e x t r a c e l l u l a r  f l u i d  volume. That is, t h e  two compartments again reach equi l ibr ium, 

bu t  at a lower osmolarity.  If t h i s  adjustment mechanism were used--and it w e l l  

might have been t o  prevent dangerous shrinkage of t h e  ECF, s p e c i f i c a l l y  t h e  i n t r a -  

v a s c u l a r  volume--potassium could ac tua l ly  have been r e t a ined  i n  an expanded ICF 

space.  Again , body weight re la t ionships  would have been d i s to r t ed .  
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Nitrogen excre t ion  and balance da t a  a r e  l i s t e d  i n  Table 19.  Fecal  n i t rogen  w a s  

increased when t h e  d i e t  contained pro te in ,  even though egg albumen i s  usua l ly  re- 

garded as a near ly  completely d iges t ib l e  p ro te in  and has been found t o  be when fed  

t o  our normal subjec ts  i n  adequate d i e t s .  Fecal  ni t rogen w a s  increased above t h e  

amount present  i n  t h e  feces  

per  day when t h e  d i e t  contained 12.87 grams of n i t rogen ,  accounting f o r  approximately 

12% of t h e  intake.  

during p ro te in  feeding (Table 2 0 ) .  

when the d i e t  contained no p ro te in ,  by about 1 . 4  grams 

Frequency of defecation and s t o o l  w e t  weight were a l s o  increased 

Urinary excre t ion  of ni t rogen was h igher  with d i e t s  containing fat  than with 

carbohydrate and higher  i n  t h e  presence of p ro te in  than i n  i t s  absence. A t  t h e  

400 k c a l  l e v e l ,  t h e  sum of ur inary  and f e c a l  ni t rogen w a s  l e s s  than  in take  ( i . e .  , 
p o s i t i v e  balance)  i n  only one subjec t ,  given p ro te in .  

four sub jec t s ,  ni t rogen balance was no less negat ive when t h e  d i e t  included p r o t e i n  

than it was when t h e  same amount of non-protein c a l o r i e s  was given. Most of t h e  

d i e t a r y  pro te in  w a s  apparently used as an energy source,  a t  t h e  very low l e v e l  of 

energy in t ake ,  and d id  l i t t l e  t o  spare body p ro te in .  When t h e  c a l o r i c  content of 

t h e  d i e t  was r a i s e d  t o  800 kca l  w i t h  carbohydrate,  two of t h e  subjec ts  achieved posi-  

t i v e  ni t rogen balance and i n  two others  t h e  d e f i c i t  w a s  smaller than  when no sup- 

plementary source of ca lo r i e s  w a s  given. 

not improve n i t rogen  balance;  i n  f a c t ,  t h e  combination of f a t  and p ro te in  a t  800 k c a l  

was assoc ia ted  with t h e  same destruct ion of t i s s u e  p ro te in  as occurred at 400 k c a l  

without p ro te in  i n  t h e  d i e t .  I n  t h i s  regard,  t h e  addi t ion of exogenous fat  may be 

looked upon as no improvement over allowing t h e  subjec t  t o  use her  own endogenous 

fat  t o  support he r  energy needs. 

I n  t h r e e  of t h e  remaining 

However, t h e  addi t ion of fat  c a l o r i e s  d id  

True n i t rogen  balance was not measured i n  t h i s  s tudy,  because we have no infor -  

mation on dermal n i t rogen  loss  and integumentary growth i n  these  women. 

attempt t o  es t imate  menstrual nitrogen lo s ses  by ex t r ac t ing  t h e  s a n i t a r y  napkins 

used during each per iod but t h e  values were un re l i ab le .  

measures, t h e  ur ine  was occasionally v i s i b l y  contaminated a t  t h i s  t ime. 

per iods  i n  which menses occurred are designated i n  t h e  t a b l e ;  0601 d id  not menstruate 

during t h e  30 days of co l l ec t ion  and 0604 w a s  post-menopausal. Blood samples taken 

during t h e  s tudy accounted f o r  an add i t iona l  ni t rogen loss of about 140 mg pe r  sub- 

j e c t  per  day. 

We did  

I n  s p i t e  of  precaut ionary 

The t e s t  

Thus, l o s s  of t i s s u e  p ro te in  i s  underestimated s i g n i f i c a n t l y .  

Urinary c rea t in ine  output was not t r u l y  constant as i s  o f t en  assumed. These 

d a t a ,  as we l l  as those f o r  o ther  measured parameters,  were inves t iga t ed  f o r  per iod 
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e f f e c t s  i n  addi t ion  t o  major d i e t a ry  t reatment  e f f e c t s .  Crea t in ine  excre t ion  w a s  t h e  

only measure, i n  addi t ion  t o  body weight change, t h a t  showed a systematic  change with 

t i m e ,  i n  t h i s  case a decrease.  Creat inine output w a s  not r e l a t e d  t o  d i e t a r y  composi- 

t i o n  (Table 21) .  

n i t rogen  lo s s  , as r e f l e c t e d  i n  ni t rogen ba lance ,  as t h e  study progressed. Consider- 

ing  t h e  change i n  l ean  body mass with t i s s u e  loss throughout t h e  s tudy ,  some diminu- 

t i o n  i n  output would be an t i c ipa t ed  i f  t h e  catabolism per  u n i t  mass remained even 

constant .  I n  addt ion,  t h e  da t a  a r e  somewhat confounded because t h e r e  w a s  a preponder- 

ance of protein-containing d i e t s  i n  t h e  last  per iod of t h e  experiment , occasioned by 

t h e  s u b j e c t s '  refusal t o  accept t h e  programmed diets.) 

(There appeared also t o  have been a decrease i n  t h e  r a t e  of body 

Estimates of changes i n  body composition may be computed from t h e  rough ba l -  

ance da t a  ava i l ab le .  These computations i n d i c a t e  t h a t  loss of f a t - f r e e  protoplasm 

(n i t rogen  balance i n  grams x 29.2, Ref. 12)  w a s  g r e a t e s t  during t h e  per iod  of 400 

kca l - fa t  d i e t ,  with a group mean of 1132 grams pe r  five-day per iod.  

what less when t h e  fa t  diet was supplemented with an add i t iona l  400 kca l  of pro- 

t e i n  (843 g ) .  

bohydrate w a s  given (865 g)  and only 312 g when t h e  diet  w a s  egg albumen alone 

(Table 22 ) .  Tissue p ro te in  l o s s  was widely va r i ab le  when t h e  d i e t  contained both 

p r o t e i n  and carbohydrate,  a t  t h e  800 kea1 l e v e l ,  ranging from an apparent gain of 

over 500 grams per  per iod  (0601) t o  a l o s s  of nea r ly  700 g (0603) .  

Loss w a s  some- 

The same amount of protoplasm w a s  catabol ized when 400 k c a l  of car- 

A l t e ra t ion  i n  e x t r a c e l l u l a r  f l u i d  can be computed from sodium balance,  assum- 

ing  t h a t  t h e  concentrat ion of sodium i n  t h e  ECF i s  unchanged. 

above, t h i s  assumption i s  not always j u s t i f i e d .  ) 

sodium may be taken t o  be about 1 mEq d a i l y .  

balance i n  grams x 287.94 less ni t rogen balance i n  grams x 5, Ref. 1 2 ) .  

b a s i s ,  l o s s  of ECF w a s  g r e a t e s t  with t h e  800 kca l  d i e t  containing fat  p lus  p r o t e i n  

(1168 g pe r  5-day pe r iod )  and l e s s  with t h e  400 kca l - fa t  t reatment  a lone (742 g)  

(Table 23) .  When carbohydrate was g iven ,  gains  of ECF were ind ica t ed ,  amounting 

t o  about 800 g pe r  pe r iod ,  i r r e spec t ive  of c a l o r i c  allowance. 

( A s  we have discussed 

For t h i s  c a l c u l a t i o n ,  f e c a l  

ECF may then be der ived from sodium 

On t h i s  

Computations of i n t r a c e l l u l a r  f l u i d  a r e  less w e l l  grounded, because f e c a l  

l o s s  i s  unknown and can be var iab le .  I f  an average f e c a l  value of 120 mg pe r  day 

i s  accepted, then  potassium balance i s  p o s i t i v e  i n  all cases i n  which t h e  d i e t  

contained carbohydrate , and expansion of ICF i s  ind ica t ed  (Table 23). 

of t h e  cases of feeding f a t ,  p ro te in ,  or f a t  plus  p ro te in  showed apparent negat ive 

ba lances  of t h i s  element,  suggesting l o s s  of ICF. 

About h a l f  
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‘Table 22 
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1 .  

Tota l  changes f o r  t h e  study a re  l i s t e d  i n  Table 24, toge ther  with s e v e r a l  

o ther  measures of body composition. Ci rcu la t ing  blood volume w a s  found t o  be 

decreased i n  four  of t h e  f i v e  sub jec t s ,  only 0601 showing a ga in  i n  t h i s  compart- 

ment which corresponds with h e r  observed recovery of body weight i n  t h e  terminal 
per iod of t h e  experiment. Three of t h e  four  subjec ts  who had measured lo s ses  of 

blood volume were pred ic ted  t o  have increases  i n  ECF based on sodium balance.  

It i s  i n t e r e s t i n g  t h a t  t h e  c i r cu la t ing  blood volumes of t hese  obese women d i d  not 

correspond t o  t h e  usual ly  accepted value of about 8% of body weight as blood, and 

would be appropriate  t o  persons weighing only 70 kg. Adipose tissue does contain 

a s i g n i f i c a n t  vascular  supply,  so the ne t  e f f e c t  of t h i s  s m a l l  i n t r avascu la r  f l u i d  

space must be a r e l a t i v e l y  poor blood supp$y t o  some of  t h e  body t i s s u e s .  

of probable f l u i d  shifts, t h e r e  was no cons is ten t  d i f fe rence  i n  e i t h e r  r e s t i n g  

blood pressure ,  or cardiovascular  responsiveness t o  tilt during t h e  study (Tables 

25 and 26). 

I n  s p i t e  

Only two of the subjec ts  were t r i l l i n g  t o  5e  weighed under water  f o r  determina- 

I . t ion  of body dens i ty  and these  had t o  be weighed i n  t he  s w i d n g  pool  a s  they could 

not  be comfortably measured i n  our tank constructed f o r  t he  purpose. 

of i n i t i a l  and f i n a l  d e n s i t i e s  ind ica ted  r e l a t i v e l y  rninor l o s s e s  of  l ean  body mass 

(0.9 and 1.8 lig) and major l o s s e s  of adipose t i s s u e  (11.8 and 20.8 kg) (Table 24). 

S imi l a r  es t imat ions  from t o t a l  body trater determined by d i l u t i o n  of t r i t i a t e d  

water  gave widely d i s p a r a t e  va lues .  

Comparison 

During t h e  i n i t i a l  observa t ion  with t r i t i a t e d  

body water t he  sub jec t s  experienced 

f ac to r  t o  convert t h i s  t o  lean  body m s s  r:nd,from t h i s ,  body f a t  i s  im?ossible . 
a diuresis, so t h a t  t h e  use of il conventional 

None of t hese  measures agrees w e l l  with t h e  lo s ses  of p ro te in  t i s s u e  est imated 

from ni t rogen balance data.  

ranging from 2.8 t o  4.9 kg f o r  the study. 

b e a r  a constant r e l a t i o n s h i p  t o  muscle t i s s u e  and so  can be used t o  es t imate  muscle 

mass ( R e f .  13).  "he decrease i n  c rea t in ine  excre t ion  during t h e  experiment is  

computed t o  r e f l e c t  decreases of 2 . 1  t o  5.3 kg of muscle tissue. These values are 

i n  t h e  same range as predic ted  from ni t rogen balance,  but sub jec t s  do not show t h e  

same rank-ordering by t h e  two methods of estimation. 

These data suggest l o s ses  of f a t - f r ee  protoplasm 

Urinary c rea t in ine  i s  a l s o  assumed t o  

Body dimensions were measured, l a r g e l y  as an incent ive  t o  t h e  women, but d id  
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Table 24 

MEASURES OF BODY COMPOSITION 

- 0601 - 0602 0603 - 0604 0605 

I n i  t i a1 4.77 5.54 6.19 7.01 5.39 
F i n a l  5.35 4.85 5.33 6.54 5.02 

C i rcu la t ing  blood volume, dye d i l u t i o n  method , l i ters 

Change +.58 -.69 -.86 -0.47 -0 37 
Change i n  e x t r a c e l l u l a r  f l u i d  space,  ca l c .  from sodium balance,  kg 

+1.8 . +0.9 ess .  0 +0.4 +4.4 

-3.2 -3.9 -4.9 -2.9 -2.8 
Change i n  fat-free protoplasm, ca l c .  from ni t rogen  balance,  kg 

Muscle t i s s u e  ca l c .  from urinary c r e a t i n i n e ,  kg 

I n i t i a l  
F i n a l  
Change 

29.2 34.0 27.2 31.1 26.2 
23.9 31.1 25.1 26.7 22.8 
-5.3 -2.9 -2.1 -4.4 -3.4 

Lean body mass from t o t a l  body w a t e r  (T20) ,  kg 

I n i t i a l  74.5 75 .o 79.3 75.6 72.6 
F i n a l  61.5 61.9 61.5 57.0 60.2 
Change -13.0 -13.1 -17.8 -18.6 -12.4 

Body composition by densitometry (underwater weight) , kg 

Lean body mass 
I n i t i a l  59 
F i n a l  57.2 
Change -1.8 

Adipose t i s s u e  
I n i t i a l  64.2 
F i n a l  52.4 
Change -11.8 

56.5 
55.6 
-0.9 

87.9 
67.1 

-20.8 
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Table 26 
TILT TABLE RESPONSE 

Subjec t  

0601 

0602 

0603 

0604 

0605 

Day of 
Study 

5 
10 
15 
20 
25 
30 
35 

5 
10 
15 
20 
25 
30 
35 

5 
10 
15  
20 
25 
30 
35 

5 
10  
1 5  
20 
25 
30 
35 

5 
10 
1 5  
20 
25 
30 
35 

30 sec. 
60 sec. a t  90' O0 a t  60' 

BP * 
128182 
140168 
108158 
1181 72 
102164 
1201 72 
120160 

1581106 
1541108 
130198 
152192 
142 1 80 
156190 
124184 

142 1 78 
162186 
160/100 
152178 
164178 
160186 
136184 

140/100 
142180 
160/100 
142188 
122184 
138184 
120170 

124158 
144180 
120168 
154180 
124176 
122188 
124180 

PW 

84 
76 
70 
84 
76 
90 
88 

88 
72 
64 
70 
56 
60 
78 

84 
76 

96 
88 
80 
88 

68 
88 

120 
72 
80 
74 
80 

88 
80 
72 
80 

100 
74 
78 

- R *  - 
18 
18 
16  
18 
18 
16 
18 

16  
18 
16 
18 
16  
16 
20 

18 
18 

15 
1 6  
22 
22 

16  
18 
24 
18  
16 
16 
18 

18 
18 
1 8  
18 
24 
18 
20 

BP 

134 1 104 
130160 
1081 60 
118172 
102166 
112166 
120164 

152192 
130198 
130198 
148190 
120188 
136194 
122182 

138188 
158172 
1561100 
148172 
124188 
146180 
140188 

1401104 
140/100 
140190 
140184 
110188 
118178 
126178 

128188 
144180 
124170 
1501 78 
116188 
134176 
120178 

BP 

118190 
130188 
110/60 
116172 
1021 70 
1161 72 
122168 

126192 
140190 
140/106 
148194 
128178 
130192 
120180 

148182 
130182 
160/108 
146170 
130184 
138188 
1401 90 

1461108 
132 I100 
122180 
138184 
116184 
108180 
128190 

148188 
1101 70 
130172 

114188 
124176 
124188 

P 

90 

76 
80 
84 
94 
90 

- 

72 
74 
90 
76 
80 
80 

96 

88 
96 

102 
94 

10 0 

78 
84 
78 

90 

104 
76 
84 

R - 

18 
18 
18 
18 
20 

18 
18 
1 5  
18 
18 
18 

18 

22 
1 5  
22 
20 
24 

20 
18 
16  

22 

18 
16 
22 
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revea l  i n t e r e s t i n g  differences i n  l o s s  at var ious body si tes (Table 27).  

t h e  subjec ts  weighed a t  t h e  end of t h e  s i x t h  per iod  about 91-92% as much as they  d i d  

at t h e  beginning of t h e  first period. 

of t h e  i n i t i a l  measurement a t  t h e  end of t h e  s tudy;  and t h e  th igh  and neck were 

a f f ec t ed  t o  a g rea t e r  extent  (92 and 94% of i n i t i a l  dimension) than w e r e  t h e  ches t ,  

w a i s t  and h ips  (99% of i n i t i a l ) .  

t h e  upper a r m  i s  more ind ica t ive  of recent  n u t r i t i o n a l  h i s t o r y  (with regard t o  

c a l o r i c  i n su f f i c i ency  and excess) than are measures i n  o the r  customary loca t ions .  

O u r  da t a  concur. 

Most of 

Circumference of t h e  upper arm w a s  only 851 

Mayer has found t h a t  t h e  skin-fold th ickness  of 

U;thetc W o o d  Cons;ti;tue& 
Surpr i s ing  va r i a t ion  i n  blood glucose l e v e l s  w a s  seen i n  response t o  adminis- 

t r a t i o n  of t h e  seve ra l  diets (Table 28) .  

morning a f t e r  t h e  f i f t h  day of feeding a given d i e t .  

t h e  carbohydrate d i e t  was given than when t h e  d i e t  provided 400 kca l  as fa t ,  f o r  

a l l  sub jec t s .  The same i s  t r u e ,  comparing t h e  p a i r  of 800 k c a l  d i e t s .  For four  

of  t h e  women, blood sugar was higher with p ro te in  feeding than  with an exc lus ive ly  

fat  d i e t ,  but lower than with carbohydrate. 

a higher  blood l e v e l  with p ro te in  than with sugar .  Blood glucose w a s  low i n  t h e  

young s u b j e c t ,  0601, and during her  400 kca l  fat per iod ,  it w a s  near  t h e  hypoglycemic 

l e v e l .  

bu t  were w e l l  below he r  pre- tes t  value. 

Fast ing l e v e l s  were measured on t h e  

Blood sugar was higher  when 

The f i f t h ,  e r r a t i c  subject,  0605, had 

Values were cons is ten t ly  higher i n  t h e  cont ro l led ,  d i a b e t i c  s u b j e c t ,  0604, 

Serum t o t a l  cho le s t e ro l  declined immediately cpon i n i t i z t i o n  of t h e  weight 

reduct ion program, from a pre- tes t  l e v e l  of 259 mg% t o  196 mg% a t  t h e  end of t h e  

2000 kea1 "s tandardizat ion" period. An add i t iona l  decrease occurred with introduc- 

t i o n  of t h e  very low-calorie d i e t s  and l e v e l s  Qere e s s e n t i a l l y  constant  t h e r e a f t e r ,  

u n t i l  t h e  last  per iod ,  when a small upswing was recorded. 

without e f f e c t .  

Dietary t reatments  were 

Blood urea  ni t rogen r e f l e c t e d  t h e  amount of ni t rogen fed ,  and no o ther  f a c t o r .  

B. BRIEF STUDY OF NORMAL SUBJECTS 

U h h a t r y  NL-tmgen E x d o n  and W d g &  Lab4 

Subjects of near ly  normal weight excreted more n i t rogen  i n  t h e  u r ine  during 

consumption of t h e  low c a 1 o r i e ) a l l  case in  d i e t  than did t h e  obese women of experi-  

ment no. 6 fed  only egg albumen (see Tables 19 and 29) .  

v a r i a b l e  on t h e  f i rs t  t e s t  day and much lower than  on subsequent days, probably due 

Excretions were qu i t e  
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Table 27 

m 
O N  

oco 
N O  
rlrl 

. .  

uhl u u  

\DO w\D 

m m  
m d  
0 0  
d d  

hlrl 
740 
0 0  
rlrl 

- m  
4 0  
0 0  
rid 

url 
m m  

m -  
m m  

rl 
0 
\o 
0 

m 
0 m 

m m 

N m 

co 
m 

m m 

m m 

m 
m 

U m 

u 

0 
k 
a, 
PI 

8 

LD 

0 m 

co 
m 

U m 

0 
0 
4 

m m 

m m 

CO co 

m 
m 

ti 

CJ 
k 
a, 
pt 

8 
u 
G 
a, 
L) 
k 
a, 
& 

m 
hl m 

0 
0 
ri 

0 m 

m m 

m 
m 

m 
m 

m 
a3 

hl m 

u 

V 
k 
a, 
F4 

8 

1 
rlrl 

m a  ' I 

In 
0 
\D 
0 

c\l 

N 
m 

m 
m 

u m 

co m 

h 
m 

co 
m 

0 

N 
ch 

u 
C 
Q1 
L) 
k 
a, 
PI 

bo 
&4 

d 
-4 

U 

.d 

* * 
.n 
E 
V 

C 
d 

G 
a, > 
d 
M 

rn 
4J 
G 
a, 
E 
a, 
k 
3 

a, E 
h a 
0 
la 
J( 

3 

55  



Table 28 
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t o  two f ac to r s :  previous customary ni t rogen in t ake  and t h e  presence of  reserve 

carbohydrate i n  t h e  form of t i s s u e  glycogen. Excluding t h e  f i r s t  t e s t  day, t h e  

four  women excre ted  17.62 t o  18.90 g p e r  day, on t h e  average, and theman,  21.10 g. 

Another man, who a t e  egg albumen and muscle meats, a l s o  excreted more ni t rogen 

than  d i d  t h e  women, 19.85 g p e r  day. 

b u t ,  assuming t h e  normal va lue ,  output exceeded in take  by about 6 t o  7 grams pe r  

day f o r  t h e  women, m d  8 t o  10 grams fo r  t h e  men. 

lower value of 2 grams per  day i n  the obese subjec ts  (VS?.) .  The one subjec t  f o r  

whom comparative da t a  a re  ava i l ab le  i n  t h i s  s tudy,  M y  excreted only 6.6 g per  day 

when consuming da i ly  only 400 kca l  as carbohydrate,  p red ic t ing  ne t  l o s s  of n i t ro -  

gen amounting t o  about 8 grams pe r  day. 

e f f e c t  on body ni t rogen by consuming p ro te in  at t h i s  severely l i m i t e d  c a l o r i c  

i n t ake  . 

Data on f e c a l  excre t ion  a r e  not ava i l ab le  

This con t r a s t s  with t h e  much 
\I .5. 

Thus t h e r e  i s  no evidence f o r  a spar ing 

Body weight loss w a s  about t h e  same f o r  t h e  women of t h i s  s tudy as f o r  t h e  

Weight loss w a s  g r e a t e r  f o r  t h e  male gross ly  obese subjec ts  (Tables 9 and 2 9 ) .  

sub jec t s .  

&ad c0nhLi.tuen.a 
Values f o r  re levant  blood cons t i tuents  a re  given i n  Table 30. Blood urea  

n i t rogen  rose  i n  conjunction with consumption of t h e  low-calorie p ro te in  diet ,  and 

w a s  q u i t e  e leva ted  ( i n  r e l a t ionsh ip  t o  t h e  in t ake )  i n  subjec ts  C y  N ,  and Bo. 
Serum u r i c  ac id  w a s  a l so  e leva ted ,  and subjec t  Bo experienced an acute  a t t a c k  of 

gout at t h e  end of t h e  study. Blood l i p i d  levels were not cons i s t en t ly  a f f e c t e d  

by d i e t a r y  t reatment .  
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Table 30 
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APPENDIX A 

HISTORIES OF SUBJECTS OF EXPERIMENT NO. 6 

0601. 

17 year  o ld  white female, s ing le  

Date of b i r t h :  

Height: 181 cm (71.25 i n )  

Weight before  study: 

Subject has res ided  i n  Berkeley all h e r  l i f e .  

Education: cu r ren t ly  a t  high school 

Family h i s to ry :  

Systemic review: h e a r t  s y s t o l i c  murmur, a r ea  of o r i g i n  not c l e a r .  Otherwise 

Weight h i s to ry :  

March 6 ,  1946 

123.4 kg (271.6 l b s )  

parents  divorced when subjec t  w a s  a baby; f a t h e r  age 50; 
mother age 51, obese; no s i b l i n g s  

negat ive 

subjec t  weighed 8 lbs  a t  2 weeks of age,  16 l b s  at 2 months and 
s ince  then has always been chubby and overweight 

Dietary h a b i t s  : 

Mother and daughter have irregular ea t ing  h a b i t s .  The mother works from 7 a .m.  

t o  3 p.m. and d i s l i k e s  cooking. The subjec t  eats anything i n  t h e  r e f r i g e r a t o r  f o r  

b reak fas t  , provided no prepara t ion  i s  involved, usua l ly  j u i c e  and/or breakfas t  

c e r e a l .  

i c e  cream, candy bars  , cookies. She probably e s t s  more between meals than a t  them. 

The t i m e  of t h e  evening meal var ies  between 4:30 p.m. and 9 : O O  p.m. and i s  home- 

cooked 1-2 times a week; o ther  m e a l s  are bought out , apa r t  from occasional  meals at 

t h e  home of t h e  grandparents who eat r egu la r ly  at 5:30 p.m. 

kept  i n  t h e  house. The subjec t  l i kes  f r u i t  but  r a r e l y  e a t s  it. She d i s l i k e s  f i s h  

and c e r t a i n  meats. She takes  la rge  por t ions  at meals, always f e e l s  hungry and 

eats more when she i s  upse t ,  and w h i l e  she watches t e l e v i s i o n .  She i s  very inac- 

t i v e  , watches a g rea t  dea l  of t e l ev i s ion ,  goes t o  bed a f t e r  midnight. She smokes 

very r a r e l y ,  and never consumes alcohol. 

She buys her  lunch a t  school;  hamburger or sandwich, "Coca p i e ,  

V e r y  l i t t l e  food i s  
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0602. 

42 year  o ld  white female, widow 

Date of b i r t h :  

Height: 164 cm (64.56 i n )  

Weight before  study: 

Subject moved t o  t h e  Bay Area from Chicago i n  1960. 
Education: 3 years  of col lege 

Occupation: 

Family h i s t o r y :  

March 1 3 ,  1924 

116.2 kg (255.7 l b s )  

housewife and part-t ime adver t i s ing  copy-writer 

Father  age 70; mother age 67; both obese. History of obes i ty  
i n  females o f  mother's family. Fa ther Is  family a l l  sho r t  and 
overweight. No s ib l ings .  Married at age 27. One son age 1 4 ,  
not overweight. Widowed i n  1956. 

Weight h i s to ry :  

Since t h e  age of 18 t h e  subjec t  has near ly  always been at l e a s t  10 l b s  over- 

weight. 

f l uc tua ted  between 132 l b s  and 160 l b s .  

months of pregnancy. 

a f t e r  she ceased t o  nurse t h e  baby. I n  January, 1959, t h e  subjec t  weighed 211 l b s ,  

which she had reduced, by August 1960, t o  165 lbs .  

gradual ly  increased,  and t h e  r a t e  of increase  has been very r ap id  i n  t h e  pas t  6 
months. 

Between t h e  ages of 18 and 27, when t h e  subjec t  married (1951) , h e r  weight 

In  1952 she gained 25 l b s  i n  t h e  f i r s t  7 
A t  de l ivery  she weighed 145 l b s ,  which increased t o  160 l b s  

Since 1961 her  weight has 

I j ie ta ry  h a b i t s  : 

The subjec t  enjoys cooking f o r  h e r s e l f  and her  son but  d i s l i k e s  cleaning up 

a f t e r  a meal, consequently they eat out 3 o r  4 evenings a week. 

i s  e r r a t i c .  She r i s e s  a t  7 a .m.  , has f r u i t  j u i c e  or no b reak fas t ,  may e a t  a sand- 

wich at noon but o f t en  e a t s  nothing u n t i l  3-4 p.m. 

taken  between 5 p.m. and 7 p.m. but  can be as l a t e  as  10  p.m. The subjec t  prepares 

po ta toes ,  r i c e  and f r i e d  foods f o r  h e r  son and e a t s  them h e r s e l f  i n  s p i t e  of con- 

t i n u a l  reso lu t ions  not t o  do s o .  She r a r e l y  e a t s  s a l a d s ,  and i s  fond of cookies,  

cakes and candies ,  and p laces  great  emphasis on t h e  s p e c i a l  heavy and sweet breads 

she purchases.  

The ea t ing  p a t t e r n  

The evening meal i s  usua l ly  

The s u b j e c t ' s  main problem i s  compulsive evening ea t ing ,  which she be l ieves  

i s  a r e s u l t  of emotional stress and i s  a sex-subs t i tu te .  

She su f fe r s  from some insomnia, and regular ly  eats sandwiches during t h e  n igh t .  

She smokes approximately 20 c iga re t t e s  a day and occasional ly  consumes alco- 

ho l .  
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When younger she walked, swam a d  played t e n n i s  r egu la r ly  but  h e r  a c t i v i t i e s  

have decl ined i n  recent  years  during which she has had a car .  
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0603. 

46 year  o ld  white female, married 

Date of b i r t h :  February 5 ,  1920 

Height: 162.5 cm (63.97 i n )  

Weight before  study: 

Subject moved. t o  t h e  Bay Area from Sa l t  Lake City i n  1946. 
Education: 2-1/2 years  of  col lege 

Occupation : hous ewi f e 

Family h i s to ry :  

140.8 kg (309.7 l b s )  

Father  age 77; mother age 66 recent ly  found t o  be d i a b e t i c ;  
1 brother  not l i v i n g ;  1 s is te r  age 39. No obes i ty .  Husband 
age 56, 3 ch i ldren ,  none obese. 

Weight h i s to ry :  

A s  a c h i l d  t h e  sub jec t  w a s  always of average weight and weighed 120 l b s  at 

I .  

age 20 when she married. 

20 l b s  of which she r e t a ined  after t h e  b i r t h  of t h e  baby. During h e r  second preg- ~ 

nancy she s i m i l a r l y  gained another 20 lbs .  

ago h e r  weight has constant ly  increased. She has t r i e d  t o  l o s e  weight many t i m e s  

during t h e  pas t  10  years  but has always regained more than she l o s t .  Her move- 

ments have slowed markedly i n  t h e  past  year .  

During her first pregnancy at age 22 she gained 40 l b s ,  

Since her  t h i r d  pregnancy 10 years  

D i e t a r y  h a b i t s  : 

The subjec t  g r e a t l y  enjoys cooking f o r  he r  family,  using many Greek dishes 

which incorporate  o i l .  She cooks breakfast  f o r  he r  husband and son,  usua l ly  takes 

only f r u i t  j u i c e  h e r s e l f .  She i s  very conscious of he r  food in t ake  and f inds  t h a t  

once she starts t o  e a t  during t h e  day she cannot make h e r s e l f  s top ;  she e i t h e r  

eats nothing or  t o o  much. 

around 4 p.m. when she prepares snacks f o r  t h e  ch i ldren ,  before  she begins t o  

prepare t h e  evening meal. She enjoys meat and vegetables and e a t s  l a r g e  por t ions .  

She p re fe r s  a s u b s t a n t i a l  sandwich t o  a sweet des se r t .  

consumes alcohol .  

She of ten has no lunch, but  may e a t  s e v e r a l  sandwiches 

She n e i t h e r  smokes nor 

The s u b j e c t ' s  husband has done a l l  t h e  family food shopping f o r  many years .  
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0604. 

55 year  o l d  white female, married 

Date of b i r t h :  A u g u s t  9 ,  1910 
Height: 167.5 cm (65.9 i n )  

Weight before  s tudy:  

The subjec t  moved t o  t h e  Bay Area f r o m  Chicago i n  1941. 
Education: high school  

Occupation: housewife. The subjec t  has worked i n t e r m i t t e n t l y  f o r  years  as a 

Family h i s t o r y :  

136.7 kg (300.6 lbs) 

nurse,  mainly of mental cases ,  i n  p r i v a t e  homes. 

Fa ther  died a t  age 82; mother dead; l b r o t h e r  age 53; 2 sisters 
ages 61 and 50 a l l  l i v i n g  and wel l .  
t h e i r  f o r t i e s .  

Systemic r e v i e w :  The subjec t  i s  mildly d i a b e t i c  and i s  on "Dymelor" 3/day. 
had not had a medical check-up f o r  about a year ,  bu t  w a s  pre- 
v ious ly  t o l d  t h a t  weight l o s s  would improve he r  condi t ion.  

A l l  became overweight during 
Married at age 28. Husband age 60, not  obese. 

She 

Weight h i s t o r y :  

The subjec t  remembers always being wel l -bui l t .  A t  age 18 she weighed 127 lbs , 
at age 2 5 ,  165 l b s .  

made many at tempts  t o  reduce her  weight. Three years  ago he r  husband bought a c a r  

and t h e  subjec t  gained 75 l b s  i n  the  following 18 months. Since t h a t  t ime she has 

made no attempt t o  l o s e  weight.  

Since then she  has  gradual ly  gained weight,  although she has  

Die ta ry  h a b i t s  : 

The sub jec t  l i k e s  t o  s l e e p  u n t i l  11 a.m. and eats a breakfas t  of 2 eggs,  

bacon, and at l e a s t  2 s l i c e s  of t o a s t .  She usua l ly  has a l a r g e  meal with soup, 

s a l a d ,  meat, spaghe t t i  or pota toes ,  and fruit at about 4 p.m. 

i s  con t inua l ly  e a t i n g ;  crackers  , f r u i t  , milk,  cheese , sandwiches , but  she very 

rarely e a t s  cookies or candy. She may e a t  a p o t f u l  of c e r e a l  or r i c e  pudding, or 

a l o a f  of bread ,  p a r t i c u l a r l y  when t o l d  by someone e l s e  t o  e a t  less. 

t o  cook f o r  h e r  husband, who i s  t h i n ,  and enjoys shopping f o r  food, which she con- 

s i d e r s  t o  be a hobby. 

I n  t h e  evening she 

She l i k e s  

U n t i l  t h e  last t h r e e  years  the subjec t  w a s  always a c t i v e  and d i d  a g rea t  dea l  

of swimming and walking. 

She smokes up t o  4 c i g a r e t t e s  a day and never consumes alcohol .  
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0605. 
37 year  o l d  white female, married 

Date of b i r t h :  October 2 ,  1928 

Height : 

Weight before  s tudy:  

The subjec t  has l i v e d  i n  t h e  B a r  Area a l l  he r  l i f e .  

Education: high school 

Occupation: housewife. The subjec t  has  a l s o  been working v i r t u a l l y  fu l l - t ime  

Family h i s t o r y :  

164 cm (64.56 i n )  

133.8 kg (294.4 lbs)  

i n  a family-owned beauty shop. 

Father d ied  a t  age 79 of kidney d i s e a s e ;  mother age 66; n e i t h e r  
obese; 2 b ro the r s  ages 40, 41, one has a tendency t o  be over- 
weight. Husband age 38, average weight; 2 daughters ages 7 and 
5 ,  t h e  e l d e r  i s  heavy f o r  her  age. 

Weight h i s to ry :  

A t  age 18 t h e  sub jec t  weighed 145 l b s ,  a t  age 25 when she married she weighed 

170 lbs.  She has had 3 pregnancies,  one of which terminated i n  a miscar r iage  after 

3-1/2 months. 

s u b j e c t ' s  weight has con t inua l ly  increased. She has s t a r t e d  many reducing d i e t s ,  bu t  

has regained more than  she l o s t  a f t e r  every attempt.  Her present  weight i s  t h e  m a x i -  

mum she has ever  weighed. 

The last  baby weighed 12 l b s  a t  b i r t h .  Over t h e  las t  14 yea r s  t h e  

Die t a ry  h a b i t s  : 

The subjec t  eats a b reak fas t  of  3 s l i c e s  of t o a s t  with honey and b u t t e r ,  tea 

o r  chocola te  at 7:30 a.m. When she is at  home she eats lunch but on most days 

when she i s  a t  work, which includes Saturdays,  she eats nothing a l l  day. This 

has  been a h a b i t  f o r  years .  She i s  on her f e e t  a l l  day and e a t s  nothing f o r  8-12 

hours .  I n  recent  months t h e  sub jec t ' s  mother-in-law has done t h e  family cooking, 

a l though t h e  subjec t  makes a l l  t h e  food purchases. She and her husband eat a m e a l  

of m e a t ,  s a l a d  and desse r t  between 10  p.m. and midnight and watch TV f o r  an hour 

b e f o r e  bed. The subjec t  l i k e s  t o  cook. 

eats them, unless  she i s  wai t ing  f o r  her  evening meal. 

e f f i c i e n t  i n  a l l  her  movements. 

She l i k e s  cookies and candy but r a r e l y  

She f e e l s  t h a t  she is  
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APPENDIX B 

Ana ly t i ca l  and C l i n i c a l  Methods 

A. 

Calcium : 

Laboratory Methods Used i n  t h e  Human Nut r i t i on  Research Unit 

Ana ly t i ca l  Methods for Atomic Absorption Spectrometry (So l id  Materials ) , 
pg. C a  2 ,  The Perkin-Elmer Corporation, Norwalk, Conn. (1964). 

Catecholamines : 

Manual of Fluorometric C l i n i c a l  Procedures , pg. 13 , Turner Instrument Co. , 
Palo  Al to ,  C a l i f .  (1962).  

Chlorides : 

"Aut omat i c T i t  rat ions with Amini c o-Cot love Aut omat i c Chloride T i t  rat o r  , " 
C a t .  No. 4-4420B I n s t r u c t i o n  No. 7 5 1 4 ,  American Instrument Co. (1964). 

Cotlove, E. , and H. H. Nishi,  c&h. Chw. , 7: 285 (1961). 

C i t r i c  Acid: 

Methods - i n  Enzymology, Vol. 111, Academic Press  (19571, pg. 426. 

Crea t in ine  and Creatine : 

Henry, Richard J. , C l i n i c a l  Chemistry, Harper and Row (1964) , pg. 292. 

Hydroxyproline : 

Prochop, Darwin J. , and Sidney Udenfriend, A n d .  &hchw., 1;: 228 (1960). 

Magnesium: 

Ana ly t i ca l  Methods for Atomic Absorption Spectrometry (Liquid Mate r i a l s )  , 
pg. C a  6 ,  The Perkin-Elmer Corporation, Norwalk, Conn. (1964). 

Nitrogen: 

Micro-Kjeldahl modif icat ion of Block, Richard J. , and Kathryn W. Weiss, 
Amino -- Acid Handbook, Charles C. Thomas , Spr ing f i e ld ,  Ill. , pg. 11 (1956) , 
using H2S04 as d iges t ion  mixture , se len ized  Hengar granules as c a t a l y s t ,  
and 4 percent H BO 3 3' 

Phosphorus : 

Colowick, Sidney P. , and Nathan 0. Kaplan, Methods 
Academic P res s ,  I n c . ,  N . Y . ,  pg. 843 (1957). 

Enzymology, Vol. 111, 
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Pot ass i u m :  

Ana ly t i ca l  Methods for Atomic Absorption Spectrometry (Liquid Materials) , 
pg. C a  6 , The Perkin-Elmer Corporation, Norwalk, Conn. (1964). 

sodium: 

Anal t i c a l  Methods for Atomic Absorption Spectrometry (Liquid Mate r i a l s )  , 
*, The Perkin-Elmer, Corporation , Norwalk, C o n n x b )  . 

Thiamine : 

Consolozio, C .  Frank, and Robert E. Johnson, "Biochemical and Die ta ry  Pro- 
cedures,  U.S. Army Medical Research and Nu t r i t i on  Laboratory Report #242 
(1960). 

Urea: 

Coulomke, J. J . ,  and L. Faureau, Can. Chaw., 9: 102 (1963). 

Uric Acid: 

Dermatube-U K i t  (Enzymatic, Uricase) , Worthington Biochem. Corp. (1965). 

Xanthurenic Acid: 

Modif icat ion of Satoh, Kiyoo, and J. M.  P r i c e ,  J. Rid. Chaw., 230: 781 
(1958) , using Turner fluorometer with primary f i l t e r  #110-8187-60)  and 
secondary f i l t e r  #110-818 (24-12). 

T o t a l  Ketone Bodies: 

Michaels, G. D.  , S. Margen, G. L l ebe r t ,  and L. W. K inse l l ,  S tudies  i n  f a t  
metabolism. I. The co lor imet r ic  determination of ketone bodies i n  b i o l o g i c a l  
f l u i d s .  J. cain. 'Inve?lX. , 30: 483 (1951) , as modified by: 
The chemical es t imat ion  of ketone bodies , d n d y k .  %d'~m.  , 3: 261 (1966). 

B r i t t o n ,  H. G .  , 
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B. Methods Unique t o  Blood Analyses 

Ammonia : 

W. Muller-Beissenherz und H. Kel le r ,  E n .  WochemChb, 9: 43 (1965). 

B i l i rub in :  

Molloy, H. T. , and K. A. Evelyn, J. B.he. Chm. , - 119: 481 (1937). 

Cholesterol :  

Technicon Auto-Analyzer, Technion Co. , Chauncey, N.Y.  , 1963. 

Zlatkis-Zak reac t ion  on isopropanol ex t r ac t  of serum. 

Z l a t k i s ,  A . ,  B. Zak, and A .  J. Boyle, J. lab. and Can.  Med., 41: 486 (1953). 

Elec t rophores i s ,  Pro te in :  

Cel lulose a c t e t a t e  , Ponceau R .  s t a i n .  Resolved f r a c t i o n s  e lu t ed  and co lor  
determined at 520 mp i n  Beckman D. U. Spectrophotometer. 

Glucose: 

Technicon Auto-Analyzer, Technion Co., Chauncey, N.Y. , 1963. 

Modification of Hoffman, W. S. ,  J. %Ut. ChW., 120: 51  (1937). 

Glutamic Pyruvic Transaminase, Serum: 

Technicon Auto-Analyzer, Technicon Co., Chauncey, N.Y. ,  1963. 

Unpublished method determination of  pyruvate formed from d, l -a lanine by use 
of sal icylaldehyde.  

P r o t e i n ,  Tota l  Serum: 

Weichselbaum, T. E. , he&.  J. Can. I'd. , - 7: 40 (1946). 

Fro t  ein-Bound Iodine : 

D r y  Ash Method - Barker, S. B., Standard - Methods - of C l i n i c a l  Chemistry, V o l .  3, 
Academic Press  (1961) , pg. 167. 

Tota l ly  automated method - Technicon Auto-Analyzer , Technicon Co. , 
Chauncey, N . Y . ,  1963. 

U r i c  Acid: 

Reduction of phospho-tungstic a c i d ,  Technicon method N-13aY Technicon Co., 
Chauncey, N.Y. , 1963. 

Urea Nitrogen: 

Technicon Auto-Analyzer, Technicon Co., Chauncey, N.Y. ,  1963. 



L 

~ 

W 

Modification of Skeggs, L. T . ,  he&. J. C&n. P&. , 28: 311 (1957), using 
carbamido-diacetyl reac t ion  appl ied t o  urea.  

C.  G a s  Measurements 

F la tus  : 

Fishe r  gas p a r t i t i o n e r  - dual  column gas chromatograph. 

Respiratory:  

Hydrogen - Wilkens aerograph de tec tor  Model 600-c. 

Methane - Carad flame ioniza t ion  u n i t .  

Oxygen - Beckman paramagnetic oxygen analyzer.  

Carbon Dioxide - Pulmo analyzer - Thermal analyzer (Godart , Holland). 

D. Miscellaneous 

C i rcu la t ing  Blood Volume : 

Method f o r  Evans Blue - Warner-Chilcott Divis ion,  Morris Plaines ' ,  N . J .  

- Henry, R.  J. , C l i n i c a l  Chemist P r inc i  les  
Techniques, - Harper and - - 6 % & 9 - 9 0 2 .  Row 

Tota l  Body Water: 

Boling, E. H . ,  A W W . ~  N. Y. A c d .  SCi. , 110: 246 (1963). 

Body Composition: 

Keys, Ancel, and J. Brozek, "Body Fat  i n  A d u l t  Man," PhysioL. Rev., 33: 
245 (1953). 

Behnke , R. N. , "Anthropometric Evaluation of Body Composition Throughout 
Life ,"  Ann& N.Y. Acd.  Sci. , Par t  2: 450 (1963). 
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Position: Lie on side on floor near toble. Keep back ' 
straight. L i f t  both legs toward table top. Hold 6 sec. 
onds. Relax 3 seconds. Reverse sides. Repeat 5 times 

Position: H o l d  smooth pole, 
broomstick lengthnon shoulders. 
Grasp stick near ends. Rest stick 
on shoulders, then turn head 
sharply left to right, trying to 
touch chin to stick. Reverse right 
to left. Repeat swings 15 times. 

~ -- 
I .  

1 

g r o s p  s t ick  w i t h  p a l m s  up 
b e h i n d  back ,  h a n d s  c lose  
together on stick. Push st ick 
directly up and down 30 times, 

1. 

. - -  Y 
3 

. _ -  . - _  
Position: l ie flat in%;. b r o w  
both knees up. Place hands on 
knees, Dolms down. Press down 
on  knees, but force knees to 
resist. Let arms win out, finally, 

4 u n t i l  l e g s  a r e  p u s h e d  out 
straight. 10 times. Breafhe be. 

-- tween each resistance contest. 

.G-+ 

. - -  I -  --" 
d- 

Position Stand upright, with 
stick upright from floor. Hold 
stick with both hands ond rwlng 
either leg forward and hoc4 as 
for os possible Alternote left to 
right. Reverse. 30 times each. 

>( - -  

71 
7 

I 

. . ..-. - I  _. "-. - 

*5J 
on. Stand with stick ends 

held between palms of hands. 
Swing arms from side to side, 
palming stick firmly. 20 times. 

c 

x i t- ) 
. >  

- --*.?- --- . --. - . -  - _-, , 
_ - L  ,. a, 

F o s i t i o ~ ~ :  Stand with stick on t . 

shoulders behind head, arms . 
c u r v e d  b e h i n d  stick, h a n d s  
dropped forward. Bend from , 

side to side, up and down, then . ' 

twist from side to side. 30 times. i 
I 

.~ - 

d 
. - -  _ _  - Ir ..2-ZXZ.i?,%L-. I -2 

b 
Position: t ie  on stomach, o n  
f loor or bed. Place a book 
between lower thighs, Squeeze 
book with thighs. Flex knees. At 
the same time, lift knees. Hold 
elevation 6 seconds. Relox 3 
seconds. Repeat obout 5 times. 

c, 
. - - .  ... _ _ _ _  

Position: l i e  on bed, body- 

elbows. Flex knees. Swing feet 
in wide circles, both feet circling 
outwards, in opposite directions 
from each other. Then reverse, 

both feet in circles 
other. 25 times 

set of foot circlings. 

V weight resting on  p ropped  

. .  --I -_.. . 
-. . -,- 

F 

Position. Stand with legs wide 
apart facing upright stick. Hold 
stick with both hands. Keeping 
back stroight, knee-dip deeply 
to left, then deeply to right, 
Keep buttocks tucked in. 12 times. 

I 

c4 , ; 

K - \  


